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CATARACT CENTERING 


In a strong correction, chromatic aberration can occur in the distance portion 
of a bifocal as well as in the segment. 


We have the history of Mrs. S. who is a monocular cataract case. She has 
very good vision in the operated eye and little or no vision in the other eye. 
The aphakic eye requires +11.50 on +3.00 axis 175 with +3.00 add for reading. 


This correction gave excellent near and distance vision but, with the bifocal 
lens, the patient complained at once that everything she looked at was tinged 
with blue. Surprisingly, objects viewed through the distance lens were just as 
blue as those seen through the bifocal segment. 


An examination of the lens revealed no grinding defects. The surfaces were 
well polished and the correction and axis were perfect. However, a check of the 
centering revealed that when the patient looked straight ahead the optical center 
of the lens was 3 millimeters off the visual axis. This poor centering resulted 
in 6 prism diopters of error. 


Before making a new lens for Mrs. S. this prism was neutralized by placing 
a 6 degree prism base in over the lens to offset the 6 degree error which was 
base out. The patient reported immediately that the blue cast was gone. 


A new lens, perfectly centered, was made and the patient reports no chromatic 
aberration whatsoever, 


Cases like this point up the fact that proper centering is just as important in 
monocular fitting as in binocular fitting. Too often, badly centered lenses are 
passed on to the patient with the false justification that since only one eye was 
being used the centering was of no importance. 


“if it’s a lens problem, let’s look at it together” 


THE HOUSE OF VISION—MAKERS OF PRESCRIPTION GLASSES FOR THE 
MEDICAL PROFESSION—WILL BE HAPPY TO FILL YOUR PRESCRIPTIONS. 
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(PREDNISOLONE 21- PHOSPHATE -NEOMYCIN SULFATE) 


Now you can offer your patient needing topical therapy the unsur- 
passed benefits of the first stable, sterile soluble “predni-steroid” in 
true solution. Sterile Ophthalmic Solution ‘Neo-HypELTRAsoL’ con- 
tains a soluble inorganic ester of the potent “predni-steroid”— 
prednisolone 21-phosphate. ‘Neo-Hypevrraso.’ provides these im- 
portant advantages: 


« freedom from any particulate matter capable of injuring ocular tissues. 
e uniform and effective concentrations of prednisolone. 

« compatibility with ocular tissues and fluids. 

« stability for long periods (does not need refrigeration). 

Indications: Allergic and inflammatory lesions of the anterior segment; 
injury due to physical or chemical trauma. 

Contraindications: Ocular herpes simplex and ocular tuberculosis. 


Supplied: Sterile Ophthalmic Solution ‘Neo-HYDELTRASOL’—each cc. contains 5 mg. (1%) 
prednisolone 
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Articles, book reviews, and other materials for publication should be addressed to the 
Chief Editor of the Specialty Journal concerned. Articles are accepted for publication on 
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Two BASIC IMPROVEMENTS 
in the single-vision series of 
ORTHOGON corrected-curve lenses... 


New larger size...uncut and 
semi-finished ...58 x 60 mm 


Base curve on convex surface 
for faster lab service, more 
lab efficiency, better appearance 


NOW...for users of ORTHOGON 


Here’s the size for modern lens shapes, even with large decentration. 
No laboratory surfacing is required for 95% of all single vision pre- 
scriptions—and for those prescriptions which require second-side- 
surfacing of semi-finished blanks, the new convex base curve is easier 
to handle. Pairs look better, too, because convex curves match. Here’s 
new professional and laboratory convenience—in the lens that has 
always provided the most in visual performance and comfort. 


Watch the mali for your 
copy of the factual presentation 
“Two Basic Improvements.” 


BAUSCH 6 LOMB 


i 
= 
| 


available... 


PREDNEFRIN * ™ new 
drop-top 
bottle! 


A PREDNISOLONE SUSPENSION with added 
advantages of Methylcellulose & Decongestant 


* SPECIALLY COMPOUNDED TO: 
Hasten absorption. 


Localize prednisolone in the ocular 
tissue. 


Treat allergic inflammatory lesions of 
the anterior segment. 


PREDNEFRIN is compounded in this mod- 
ern laboratory under strict quality control 
by Allergan —bright new star in the 
ethical pharmaceutical field, specializing 
in ophthalmic preparations — “pharma- 
ceuticals you can prescribe with con- 
fidence, everytime.” 


ANlergan Corp. 


Specialists in Ophthalmic Preparations 
748 So. Beacon Ave., Los Angeles 17, Calif. 


* Composition of Prednefrin: Prednisolone acetate, 
phenylephrine HCl, Metiylcellulose in 0.12% concentrations. 
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gullstrand magnifying spectacles 


magnified stereoscopic vision 
combined with long working distance 
for detailed observations, 
examinations and operations. 


Lightweight and comfortable, the Gullstrand Magnifying Spectacles 
provide a magnified image free of distortion and aberration 

over the entire field of view. With a long working distance and a 
wide field of view, the spectacles are extremely well 

adapted for detailed observation of every description. While 
working, the wearer can look past the magnifiers to obtain 

an unobstructed view of his surroundings. 


Precision made in the finest Zeiss tradition, the spectacles 

have full interpupillary adjustment and may be worn in 
conjunction with spectacle lenses. Price $67.50in beauti- 
ful new, lined leather case. Spectacle frames $5 per pair. iameiectltas 


Also available, a full line of Ophthalmic instruments. 


Consult your dealer or write today for an interesting booklet 
describing the Zeiss Gullstrand Magnifying Spectacles in detail. 


Scientific Instrument Division 


ERCONA CORPORATION 55! FIFTH AVE., NEW YORK I7,N. Y. 
Exclusive American Representative for VEB Carl Zeiss, Jena 
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STABILIZED PILOCARPINE HC 


STALL IZ 


IN SELF- SEALING 
SELF-DISINFECTING 


ACRIVIALS 


surgical quality 
consistently effective 
non-allergenic 


dated — your assurance of 
sterility 
stability 
potency 
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ate (16,250 units/cc)—H 
conjunc 
provides 6 to 8 times” 
original plastic 5cc DROP-TAINER®.. 
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During 1957, an estimated 62 million different people will 
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see Shvron's visual care messages in the Saturday 
Evening Post and Life. This further demonstrates our 
belief in the importance of wider understanding of the 
need for professional examinations, regularly. 


Geneva, N.Y. 


SHURON OPTICAL COMPANY, INC. Rochester, N.Y. 
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ALCOHOLICS ANONYMOUS 


Written from the standpoint of a member, the basic 
treatment procedures are described and the psychological 
All of problems confronting the alcoholic are discussed. 
these articles have 
appeared in TODAY’S HEALTH ALCOHOL AND CIRRHOSIS OF THE LIVER 
end are now available Relationship between alcohol, diet and cirrhosis. Increasing 


é stress on nutritional differences. 
in one pamphlet. by Russell S. Boles 


HOW TO HELP A PROBLEM DRINKER 


Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition. 
by Edward A. Strecker and Francis T. Chambers, Jr. 


A LCOHO LI SM THE TREATMENT OF ALCOHOLISM 


Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 
an by Lewis Inman Sharp 


CONDITIONED REFLEX TREATMENT 
OF CHRONIC ALCOHOLISM 


important Its place among methods of treatment today, 


its development and correlation with personality factors. 
by Walter L. Voegtlin 


proble INSTITUTIONAL FACILITIES FOR THE 
TREATMENT OF ALCOHOLISM 


Comparative differences, in drinking, with 

in today S livin £ the last century, new establishments and methods of treatment, 
lack of trained personnel, 

by E. H. L. Corwin 


THE ABOVE SIX PAMPHLETS ARE AVAILABLE 
IN BOOKLET FORM FOR ONLY 50 CENTS 


HOW EXPERTS MEASURE DRUNKENNESS 


A partial transcript of an actual courtroom case. 
H. A. Heise 
8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES 
A discussion of the dangers of mixing alcohol and bar- 
biturates. 

Donald A. Dukelow 

4 pages, 10 cents 
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AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
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— gained through over 100 years of artificial 
eyemaking enables us to produce and fit the very finest in artificial 
eyes. Glass and plastic eyes made to order or available 
from stock. Eyes fitted to all types of motility implants. 


Eyes custom made—glass or plastic 


es from stock sent memorandum same 
Complete order or plastic 


‘ * Fitted to all types of motility implants 
Service implants, X-Ray therapy shields, foreign body 
ocators 


Superior Quality—Finest Workmanship 


sewing Mager and Gougelman nc. 
profess 30 North Michigan Avenue + 120 E. 56th St. 


18 Chicago 2, Ilinois * New York 22, New York 
since’ 

» DETROIT * CLEVELAND * KANSAS CITY * MINNEAPOLIS * ST. LOUIS 
HOUSTON (Soper Bros.) * BOSTON ° PHILADELPHIA * PITTSBURGH * WASHINGTON 
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new corneal anesthetic 


rapid action and 


short duration” 


virtually nonsensitizing 
rarely—if ever—causes sensitivity 
reactions to the eye of the patient or 
the hands of the physician. 


virtually nonirritating 
does not sting or burn when dropped 
into the eye——changes in the corneal 
epithelium or hyperemia of the con- 
junctiva rarely occur. 


Average dose: for tonometry, 2 drops. For minor 
surgical procedures, 2 drops instilled 3 times at 
90 second intervals. 


Supplied: sterile normal saline solution with 
0.02% Butoben as preservative, and containing 
0.4% Dorsacaine Hydrochloride (benoxinate 
hydrochloride). In 4% oz. plastic squeeze bottle 
with dropper tip which delivers uniform drops 
(approximately 45 drops per cc.). 


*Sehlegel, H.E.,Jr., and Swan, K.C,: A.M.A. Arch, Ophth. 
51:663 (May) 1054. Emmerich, R.; Carter, G.Z., and 
Berens, C.: An Experimental Clinical Evaluation of Dor- 
sacaine Hydrochloride (Benoxinate, Novesine), report on 
the instillation of a 0.4 per cent solution, Am. J, Ophth. 
40:841 (Dee.) 1955, Fasanella, R. M.: Glaucoma in Gen- 
edical Practice, Connecticut M.J. 20/282 (April) 
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The only apparatus in 
the world offering ste- 
reoscopic ophthalmos- 
copy. 

Wide field 32° to 38 
black and white or full 
colour pictures. 


Electronic flash giving 
speeds up to 1/800th 
of a second. 


ELECTRONIC 
RETINAL CAMERA 


FOR EXAMINATION OF THE FUNDUS OF THE 
EYE AND THE ANTERIOR SURFACE 


A MONOCULAR OR BINOCULAR 
OPHTHALMOSCOPE. 


R.A.DUDRAGNE 


49, BOULEVARD DE COURCELLES - PARIS & 


TEL. WAG. 48.27 F R A N om E CAR. 41-70 
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ophthalmic 
suspension 


prednisolone acetate and 
sulfacetamide sodium 


METIMYD 


ointment 


with neomycin 


prednisolone acetate and 
sulfacetamide sodium 
with neomycin sulfa‘s 


* antibacterial 
* antiallergic 
* anti-inflammatory 
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for inflammation, allergy, infection 


METIMYD 


ophthalmic 
suspension 


METIMYD 


ointment with 


neomycin 
especially for resistant allergies 


METRETON 
ophthalmic 
suspension 


standard for infection 


SODIUM 
SULAMYD 


Metimyo,® brand of prednisolone acetate and 
sulfacetamide sodium. 

MerTreton,® brand of corticoid-antihistamine 
com 

Sutamyp,® brand of Sulfacetamide Sodium 


combines 0.5% prednisolone acetate 
and 10% sulfacetamide sodium; 5 cc. 
dropper bottle. 


combines 0.5% prednisolone acetate, 
10% sulfacetamide sodium, and 
0.25% neomycin sulfate; ¥% oz. appli- 
cator tube. 


combines 0.2% prednisolone acetate 
and 0.3% chlorprophenpyridamine 
gluconate; 5 cc. dropper bottle. 


Ophthalmic Solution 30%; 15 cc. 
dropper bottle. 

Ophthalmic Ointment 10%; “% oz. 
applicator tube. 

Ophthalmic Solution 10% with 
Methylcellulose 0.5% ; 15 cc. dropper 
bottle. 
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NEW METRETON OPHTHALMIC SUSPENSION 


ETICORTELONE, an pr isolone. 

of METICORTELONE—a topical steroid of 
preparations. choice for more effective control of ocu- 


lar allergy, inflammation, edema. 


CuLor-TRIMETON—a preferred anti- 
histamine, potent and nonirritating. 


for maximum relief of itching, burning, 
tearing, aching, discharge, redness, pho- 
tophobia, edema, congestion. 


in ocular allergies—allergic blepharitis, 
allergic conjunctivitis, episcleritis, ocu- 
lar involvement in hay fever, and other 
eye allergies. 


Each ce. of Metreton Ophthalmic 
Suspension contains 2 mg. (0.2%) pred- 
nisolone acetate and 3 mg. (0.3%) chlor- 
pr ph pyr id i gluconate. Supplied 
in 5 ce, dropper bottles, 
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30 minutes after 
instillation of 
cyclogyl ... 


3-6 hours* after 
instillation of 


brand of 

hydroch loride 
Rapid onset of action,'* brief duration,'’ and 
consistent depth of cycloplegia make Cyclogyl 
. [a] drug of choice for routine refraction.” 
Cyclogyl does not produce local or systemic 
toxic effects, and is relatively nonirritating and 
nonsensitizing;*.‘ it has not been reported to 
cause a significant variation in intraocular ten- 
sion.'.5 Cyclogy] is effective in highly pigmented 
eyes, and may be used for persons of all ages.‘ 

No pretreatment is required. 


Just one or two drops provides complete 
cycloplegia, thereby conferring a saving in 
medication cost. 


Send for literature and samples 


Schiyfjelen Fince 1794 


PHARMACEUTICAL AND 
RESEARCH LABORATORIES 


Indications: Refraction; as a mydriatic in 
controlling iritis, iridocyclitis, keratitis, and 
choroiditis; to prevent lenticular adhesions; 
with miotics for preventing or breaking ad- 
hesions in infection; preoperatively, for 
cataract or other appropriate eye surgery. 
Supplied: 0.5% Solution in 15 cc. dropper 
bottles; 1% Solution in 2 cc. and 15 cc. 
dropper bottles. 
*When a miotic is used. Otherwise, in less 
20 hours. 
1. Rasgorshek, R. H. and Metatire, W. C.: Am. J. 


2. Ehriich, L. 


and Chemistry: |.A.M.A. 


28 Cooper Square, New York 3, N.Y. 
In Canada: 
W. Sofin Ltd., Montreal 25, Quebec 
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Treatment of Glaucoma 


PAUL A. CHANDLER, M.D., Boston 


Since the discovery '* that the carbonic- 
anhydrase-inhibiting drug acetazoleamide 
(Diamox) brings about a lowering of the 
intraocular pressure, its use has been wide- 
spread in the treatment of glaucoma. Its 
pressure-lowering effect is due solely to a 
lessening of the rate of aqueous production. 
The obstruction to outflow of aqueous is 
uninfluenced by acetazoleamide. Thus the 
use of this drug in the treatment of glau- 
coma must be regarded as a palliative treat- 
ment, since it in no way affects the 
fundamental cause of increased intraocular 
pressure—obstruction to outflow. Such pal- 
liative treatment is often of tremendous 
value in preventing damage to vision while 
other measures are employed to relieve the 
fundamental difficulty—obstruction to out- 
flow of aqueous. This principle is employed 
in other ophthalmological problems. Thus 
the use of steroids in certain inflammatory 
ocular conditions, while not affecting the 
fundamental disease process, may lessen the 
inflammatory manifestations and protect the 
eye from irreparable damage while other 
measures are employed to combat the disease 
itself. It has been said that steroid therapy 
never cures a disease but may lessen its 
severity and prevent undesirable conse- 
quences of the disease. Similarly, acetazole- 
amide never cures glaucoma, but it may 
lessen its severity while the drug is em- 
ployed. 
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Use and Misuse of Acetazoleamide (Diamox) in the 


Any new and valuable addition to our 
therapeutic armamentarium is usually hailed 
with enthusiasm and may be used unwisely. 
This has been true of the sulfonamides and 
antibiotics and of the steroids, It is be- 
coming increasingly apparent that acetazole- 
amide is being unwisely used the 
treatment of some forms of glaucoma, Its 
greatest field of usefulness is in the treat- 
ment of secondary glaucoma. Secondary 
glaucoma, by definition, is a rise in ocular 
tension secondary to some other eye disease. 
If the fundamental disease can be cured, the 
secondary glaucoma is likewise cured. 
Where formerly palliative surgical pro- 
cedures were frequently employed in cases 
of secondary glaucoma to prevent serious 
damage to the vision from increased tension 
while the disease was running its course, 
now acetazoleamide serves the same purpose 
and has proven to be of tremendous value. 

In open angle glaucoma at all stages of the 
disease the angle is always open, and thus 
aqueous always has access to the filtration 
apparatus. The obstruction to outflow 
which results in increased ocular tension 
resides somewhere in the filtration apparatus. 
This form of glaucoma is treated by miotics 
and, when it is uncontrolled, by various fil- 
tering operations to increase drainage from 
the anterior chamber. In this form of glau- 
coma, acetazoleamide, if tolerated by the 
patient, may be used at any stage of the 
disease. Its pressure-lowering effect as an 
adjunct to miotic therapy may protect the 
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eye from damage while it is being used, so 
that in some cases operation can thereby be 
avoided. The use of acetazoleamide has no 
deleterious effect on the disease itself. It 
does not lessen the effectiveness of any 
other form of therapy, either medical or 
surgical, and thus in open angle glaucoma 
there is no contraindication to its use save 
the unpleasant side-effects experienced by 
some patients. 

In angle closure glaucoma, the situation is 
quite different. Here the obstruction to out- 
flow is due solely to closure of the angle. 
The outflow channels, at least in the early 
stages of the disease, are completely normal, 
and tension rises and falls as the angle 
closes and opens either spontaneously or un- 
der the influence of miotics, The level of 
tension is a fairly accurate guide as to the 
extent of the angle which is closed at a given 
time. Thus in a case of angle closure glau- 
coma at a time when the tension is normal, 
either spontaneously or under the influence 
of miotics, one can assume, and gonioscopy 
confirms the assumption, that the angle is 
completely open or nearly so. In another 
case, if the tension is considerably elevated 
one can assume that a considerable extent 
of the angle is closed, and gonioscopy con- 
firms this assumption. It is a well-known 
fact that in angle closure glaucoma, if the 
tension remains elevated and the angle 
closed, sooner or later this portion of the 
angle becomes permanently closed by periph- 
eral anterior synechias. Though the tendency 
to the formation of permanent peripheral 
anterior synechias varies greatly in different 
eyes, it is an ever-present danger, and it 
is impossible to predict in a given case 
whether or not anterior synechias will form 
after a single episode of closure or only 
after repeated closures. Treatment of angle 
closure glaucoma of whatever type is pre- 
dominantly surgical. Iridectomy results in 
widening of the chamber angle and in the 
opening of all portions of the angle not 
already permanently closed by synechias. In 
an early case, where there are only a few or 
no peripheral anterior synechias, peripheral 
iridectomy effects a complete and permanent 
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cure. If operation is deferred until a con- 
siderable portion of the angle is permanently 
closed by synechias, a filtering operation is 
required, and in these neglected cases all 
operations may fail and the eye may be 
lost. Thus it can be seen that here is a form 
of glaucoma in which in the early stages a 
simple surgical procedure effects a complete 
cure of the disease and in the late stages all 
treatment may fail. This is well recognized 
and documented by wide experience. 

Now, if acetazoleamide is employed along 
with miotics in the treatment of angle 
closure glaucoma the level of tension is no 
longer a guide as to the extent of closure 
of the angle. Without acetazoleamide, a rise 
in tension to 40 or 50 mm. Hg means 
closure of a considerable portion of the 
angle, and this would be an indication for 
early surgical intervention to forestall per- 
manent closure by synechias. If in such a 
case acetazoleamide is used, tension usually 
falls to the normal range, thus giving a false 
sense of security, while the angle may re- 
main closed, If this treatment is continued, 
sooner or later the angle may be perman- 
ently closed by synechias, the chance for 
relief of the glaucoma by simple peripheral 
iridectomy has been lost, and there is now a 
permanent glaucomatous state. Gradually 
more and more of the angle closes, and, in 
spite of miotic therapy and acetazoleamide, 
tension eventually rises and a more formid- 
able operation has to be undertaken. Now 
only a filtering operation will suffice, and 
since a large portion of the angle is closed 
by peripheral anterior synechias only very 
free filtration will keep the tension at normal 
levels. Aside from the possibility of failure 
of the eye to develop a filtering scar and 
hence failure of control of tension, the 
operative hazards are far greater with filter- 
ing operations than with iridectomy. 

Once operation is decided on in angle 
closure glaucoma and the patient is being 
prepared for operation, acetazoleamide is a 
most valuable adjunct to therapy. One sees 
patients with acute glaucoma in whom 
miotic therapy alone fails to lower the ten- 
sion but in whom the tension can be brought 
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to normal if acetazoleamide is also employed. 
In subacute angle closure glaucoma aceta- 
zoleamide used in the immediate preopera- 
tive period is very valuable in reducing the 
tension and thus lessening the operative risk. 
Thus, as an immediate preoperative treat- 
ment acetazoleamide serves a very useful 
purpose in all types and stages of angle 
closure glaucoma. However, in my opinion, 
it should never be used as a continuing 
treatment in any form of angle closure 
glaucoma as a substitute for prompt opera- 
tion, since it masks the danger signs and 
symptoms, as does morphine given for ab- 
dominal pain, and may lead to disastrous 
delay in definitive surgical treatment. After 
operation for angle closure glaucoma, either 
iridectomy or a filtering procedure, there 
may be a certain amount of residual glau- 
coma, Operation has opened all portions of 
the angle not permanently closed by 
synechias, and no further closure will take 
place. The residual glaucoma is now a per- 
manent state and will not become signifi- 
cantly better or worse as time passes. In 
some cases further operation is required, but 
in many instances the residual increased 
tension can be controlled by medical means. 
Here there is no contraindication to the use 
of acetazoleamide, and it may be used freely, 
since there is no longer the problem of fur- 
ther closure of the angle, and no longer the 
problem of masking the signs and symptoms. 
It is simply a question of controlling the 
residual increased tension by all the means 
available. 

Acetazoleamide is a most valuable addi- 
tion to our medical armamentarium in the 
management of glaucoma. Its greatest field 
of usefulness is in the secondary glaucomas, 
but it is often very helpful in open angle 
glaucoma. | believe it has no place in the 
treatment of angle closure glaucoma except 
in the immediate preoperative period and as 
a postoperative treatment for residual glau- 
coma. 

5 Bay State Rd. 
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USE AND MISUSE OF ACETAZOLEAMIDE 


Report of Cases 


Case 1.—A 51-year-old woman was first 
seen by me on May 7, 1956, There was a 
history of an acute attack of glaucoma in the 
left eye in July, 1955. An ophthalmologist 
prescribed a miotic at that time, and tension 
fell to normal levels. The patient continued 
to use a miotic. From time to time the 
patient experienced transient blurring of 
vision in the left eye. Another fairly 
severe attack of glaucoma occurred in April, 
1956, with a tension of 60 mm, Hg. At this 
time acetazoleamide was prescribed and the 
miotic was continued. On a regimen of 4% 
pilocarpine four times a day and 250 mg. 
of acetazoleamide twice a day tension was 
said to be in the normal range, but it 
gradually rose. When examined on May 7, 
1956, in the right eye vision with glass was 
6/5. Tension was 20 mm, Hg. The media 
were clear; the fundus, normal. Gonioscopy 
revealed an excessively narrow angle every- 
where open. 

In the left eye vision with glass was 6/12. 
The cornea showed epithelial edema, The 
media were clear. The disc showed shallow, 
saucer-like cupping. Tension was 67 mm. 
Hg. Gonioscopy carried out after clearing 
the cornea with glycerin revealed an angle 
completely closed, except at the 2 o’clock 
position, in the upper nasal quadrant, Ten- 
sion could not be materially reduced by 
intensive miotic therapy. 

A prophylactic peripheral iridectomy was 
done on the right eye, and an iridencleisis, 
on the left. 

The postoperative course was uneventful. 
When the eyes were quiet gonioscopy of 
the right eye showed the angle everywhere 
open and strikingly wider than before opera- 
tion, In the left eye the angle was found to 
be completely closed by peripheral anterior 
synechias, except the 2 o'clock position, 
above and nasally. An obviously function- 
ing cystic filtering scar was evident. In spite 
of this and the use of 4% pilocarpine ten- 
sion has ranged from 26 to 35 mm. Hg. It 
is possible that further operation will be re- 
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quired, but acetazoleamide will be tried first 
if there is evidence of loss of field. 

After the first attack, when 
tension was readily normalized with miotics, 


Comments. 


a peripheral iridectomy would undoubtedly 
have resulted in a complete and permanent 
cure of the glaucoma. It is probable that 
the same would have been true after the 
second proven attack if it had been done 
promptly. However, acetazoleamide lowered 
the tension to reasonable levels for a while, 
until in the end the angle was almost com 
pletely closed and tension rose in spite of 
miotic and acetazoleamide therapy. This 
eye is, therefore, almost completely de- 
pendent on artificial filtration to control the 
tension. Thus, in spite of an adequate ap- 
pearing filtering scar the tension is not com- 
pletely controlled. 1f acetazoleamide had not 
been used after the second proven attack, the 
tension would undoubtedly have been high 
enough to demand prompt operation, which 
might then have been done before nearly 
the entire angle was permanently closed by 
peripheral anterior synechias. Acetazole- 
amide therapy gave a false sense of security 
while the angle became almost completely 
closed. 

Case 2.—In January, 1956, a 61-year-old 
man began to see colored haloes about lights 
with the left eye. 
ophthalmologist was consulted, who found 
considerable elevation of tension in the left 
eye. A miotic was prescribed, and tension 
promptly fell to normal. Treatment of both 
eyes with a miotic was continued. After two 


After a few days an 


or three months haloes were again seen with 
the left eye and tension was found to be 
elevated. The miotic was continued, and 
acetazoleamide was prescribed. Again ten- 
sion fell to the normal range, but in Novem- 
ber, 1956, the patient again saw haloes about 
lights. When first examined by me, on 
Nov. 27, 1956, vision in the right eye was 
6/6 with glass. The anterior chamber was 
shallow ; media, clear; fundus, normal. Ten- 


sion was 17 mm. Hg. Gonioscopy revealed 


an excessively narrow angle, open through- 
out. Field was full. 
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In the left eye vision with glass was 6/6. 
Anterior chamber was shallow; media, 
clear; fundus, normal, except that the phys- 
iologic cup was slightly wider than in the 
right eye. Tension was 48 mm. Hg. “The 
field was full. Gonioscopy revealed an area 
of probable open angle between 8:30 and 10 
o'clock. The remainder of the angle was 
closed. 

Intensive miotic treatment failed to lower 
the tension, and an operation was performed 
on Nov. 28, 1956. A peripheral iridectomy 
was done with an attempt to free peripheral 
anterior synechias over the upper half of the 
angle. Air was injected into the anterior 
chamber at the end of the operation. The 
following day, Nov. 29, 1956, a prophylactic 
peripheral iridectomy was done on the right 
eye. Three days later tension in the left 
eye rose to 50 mm. Hg. Gonioscopy re- 
vealed the angle in the right eye to be every- 
where open and strikingly wider than before 
operation. In the left eye the angle appeared 
to be completely closed. The anterior cham- 
bers were shallow but of equal depth in 
the two eyes. Tension in the left eye fell 
to 20 mm. Hg under treatment with miotics 
and acetazoleamide. 

On Dec. 6 an iridencleisis with sclerec- 
tomy was done on the left eye. The anterior 
chamber remained flat after the operation. 
Tension was soft on Dec. 7 and on the 
morning of Dec. 8. In the evening of Dec. 
8 tension in the left eye was 55 mm. Hg. 
Treatment with miotics and acetazoleamide 
was begun. Tension was normal the fol- 
lowing morning. On Dec. 12 tension re- 
mained normal and the anterior chamber 
was formed but very shallow. Acetazoleam- 
ide was discontinued. Tension remained 
normal until Dec. 28, when it was found to 
be 28 mm. Hg. The following day the 
anterior chamber was entirely flat and ten- 
sion was 40 mm. Hg. On Dec, 19, 1956, a 
posterior sclerotomy with release of a con- 
siderable quantity of vitreous and air in- 
jection into the anterior chamber was done. 
After absorption of the air, the anterior 
chamber remained formed, but it was more 
shallow than in the right eye. Tension re- 
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mained low until Jan. 3, when it rose to 
28 mm. Hg. On Jan. 4 tension was 40 mm. 
Hg. Miotics and acetazoleamide were pre- 
scribed. On Jan. 5 tension was 17 mm. Hg. 
On Jan. 7 tension was 17 mm. Hg. On Jan. 
9 tension was 20 mm. Hg. 
Comment.—There is every reason to think 
that the right eye will be protected per- 
manently from angle closure glaucoma. In 
the left eye, if peripheral iridectomy had 
been done immediately after the tension was 
first reduced to normal with miotic treat- 
ment there is every reason to believe that the 
angle would have opened completely or 
nearly so and that the glaucoma would have 
been arrested. When the tension later rose 
in spite of miotic treatment, prompt opera- 
tion might well have opened the angle suf- 
ficiently so that any residual glaucoma from 
permanent closure might well have been con- 
trolled medically. Under acetazoleamide 
therapy, though for some time the tension 
was controlled, more and more of the angle 
closed, until when surgical treatment was 
first undertaken the angle was almost com- 
pletely peripheral anterior 
synechias. The first operation failed to open 


closed by 


the angle. Iridencleisis was followed by what 
appeared to be malignant glaucoma, though 


it was somewhat atypical in that the tension 
did not rise immediately after the operation, 
as is usually the case in malignant glaucoma. 
The outcome in the left eye is still uncer- 
tain. There is little evidence of filtration 
from the iridencleisis. At the moment, ten- 
sion is controlled with miotics and acetazole- 
amide, but it is possible that further 
operation will be required. Indeed, the eye 
may be eventually lost in spite of further 
surgical attempts and medical treatment. 

The outcome in the right eye illustrates 
again the great effectiveness of peripheral 
iridectomy if done early. The left eye illus- 
trates the disastrous outcome which may 
ensue if one is lulled into a sense of security 
by the lowering of tension for a time with 
acetazoleamide, the angle is allowed to be- 
come completely and permanently closed by 
peripheral anterior synechias, and tension 
is high at the moment of operation. 
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Quantitation of Extraocular Muscle Innervation 


GOODWIN M. BREININ, M.D., New York 


Electrophysiologic approaches to the an- 
alysis of innervation in ocular motility have 
made evident the need for quantitative tech- 
niques." That need has now been satisfied 
with the development of a full wave inte- 
grator and differentiator in one instrument. 
The former provides an integration of the 
energy developed in specific time intervals. 
The height of the condenser discharge is 
exactly proportional to the energy accumu- 
lated and discharged within these intervals. 
This discharge is fed into a second beam 
of the dual beam oscilloscope or can be 
written out on an ink writer. 
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linear measurement gives the desired infor- 
mation. The frequency response is from 5 
to 1000 cps—a spectrum deemed adequate 
for electromyographic potentials, 

The importance of this advance cannot be 
underestimated, since the evaluation of neu- 
romuscular activity involves consideration of 
both amplitude and frequency. Inspection 
methods are inadequate to perform this task 
satisfactorily. 

In addition, the differentiator provides an 
analysis of the slope changes in any given 
potential or run of potentials. These will 
not be considered in this paper. 

The practical value of the technique of 
integration may be seen in the following 
studies. 


A. Kinesiology 
The levels of innervation of the extra- 
ocular muscles may be precisely compared as 
the eye rotates into the various fields of 


_ Fig. 1—Electromyogram of right inferior rectus on horizontal versions; EMG above, 
integrator below. A, gaze right, no change; B, gaze left, no change. 
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no change; B, gaze left, no change. 


gaze. This has demonstrated the inadequacy 
of some long-maintained concepts. There 
is no innervational basis for the belief that 
the vertical recti are active accessory adduc- 
tors or the obliques active accessory abduc- 
tors in horizontal rotations of the eye. In 
pure horizontal rotations the tonic activity 
of the vertical muscles (characterizing the 


Breinin 


Fig. 3.—Electromyogram of right superior rectus; fields of gaze. A, left, up and out; 
right, up and in. B, left, down and in; right, down and 


Fig. 2.—Electromyogram of left inferior oblique on horizontal versions. A, gaze right, 


primary position) does not significantly 
alter. They maintain a nearly constant level 
of discharge (Figs. 1 and 2). Whatever 
component of abduction or adduction may 
be manifested by the vertical obliques and 
recti will be a consequence of the relation 
of the muscle plane to the center of rotation 
of the globe. Thus, as the eye is adducted 


out, 
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by the medial rectus the obliques balance 
each other vertically. The vertical recti, 
which also balance each other vertically, 
may develop a component of adduction 
owing to the change in the relation of their 
muscle plane to the center of rotation. But 
it is doubtful that this amounts to very 
much. When the eye rotates up, the superior 
rectus and inferior oblique both recruit, 
reaching a maximum when the eye attains 
its maximum excursion. The superior rectus 
attains its highest discharge with elevation 
in abduction (Fig. 3). Firing is usually 
slightly less with elevation in adduction. The 
inferior oblique is just the opposite (Tig. 
4). The same features hold for the inferior 
rectus and superior oblique in depression. 
The vertical movers rapidly lose their inner- 
vation as the globe crosses the horizontal 
plane away from their field. Thus, in a 
tertiary position, e. g., up and out, the lateral 
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rectus contracts while the medial rectus is 
inhibited; the superior rectus and inferior 
oblique contract while their opposite num- 
bers are inhibited. There is hardly any 
alteration in discharge of the elevators with 
abduction or adduction so long as the eye 
is depressed. With sufficient depression they 
exhibit no firing at all (Figs. 3 and 4). This 
also holds for the depressors in elevation. 

In monocular gaze straight up or down 
the horizontal recti also maintain a constant 
discharge level. 

It should be pointed out that an accessory 
role of abduction for the obliques and adduc- 
tion for the vertical recti is not denied but 
can be significant only when the globe has 
rotated into the torsional field of action of 
these muscles—and that only one vertical 
mover at a time can exhibit such a com- 
ponent, e. g., up and in for the superior 
rectus (accessory adduction). In any case, 


Fig. 4.—Electromyogram of left inferior oblique; fields of gaze. A, up and in; B, up 
and out; C, down and in; D, down and out. 
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Fig. 5.—Electromyogram of left 
B, dextroversion from the N. P. C. 


medial 


it can occur only in consequence of the 
relation of its muscle plane to the center 
of rotation of the globe and is not due to a 
purposeful increase of innervation (which, 
if anything, is slightly less in this field). 
The situation in convergence is interest- 
ing. It has been maintained that conver- 
gence is due solely to the action of the 


rectus, 


A, convergence up to the N. P. C.; 

medial recti. The greater adduction of an 
eye in conjugate gaze, however, has been 
ascribed to the additional effect of the verti- 
cal recti acting as accessory adductors.* 
Electromyography demonstrates that when 
the near point of convergence (N, P. C.) 
has been attained and the gaze is directed to 
one side the additional internal rotation of 


Fig. 6.—Electromyogram of left medial rectus (hehind screen), showing accommodative 
convergence. A, no lens before fixing eye; B, —1 D. lens before fixing eye. 
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the adducted eye is due solely to markedly 
increased firing of its medial rectus (Fig. 
5). The vertical recti maintain their usual 
tonic level. This indicates that the role of 
the vertical recti as accessory adductors is 
minimal and contributes no more, if at all, 
to version than to vergence. 
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It should be noted that a slight and 
variable recruitment on adduction was 
found in some subjects. This was usually 
due to excessive effort or electrode 
shift. The existence of real biological 
variation among subjects, however, does 
seem probable. 


Fig. 7.—klectromyogram of right inferior oblique in myasthenia gravis. A, initial level. 
B-F, progressive fall-out of innervation over a three-minute period while attempting to hold 


eye in extreme elevation. There is a momentary recovery at D after a brief depression 
of the eye. 
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The inferior rectus, however, is actively 
firing during convergence below the hori- 
zontal plane. Its level of discharge is re- 
lated not to convergence but to the degree of 
depression of the globe. But since intorsion 


is said to occur with convergence and not 


extorsion, its activity as an extorter must 


be overcome, presumably by the medial 
rectus acting as an intorter. This may be 
a function of the vertical level of conver- 
gence, 


B. The Measurements of Lens- or 
Prism-Induced Innervation 


The effect of a lens in augmenting or 
inhibiting accommodative vergence can be 
readily evaluated. The integrator discharge 
level permits exact quantitation of states of 
vergence whether spontaneous or induced. 
This is a most useful datum in the study 
of accommodation and convergence. Until 


now we have been forced to rely on the 
relative position of the two eyes in such 
studies. This method is essentially indepen- 
dent of the ocular movement effected. The 
interposition of graded increases of minus 
lenses before the fixing eye will elicit in- 
creasing amounts of accommodative ver- 
gence and hence increased levels of firing 
in the medial rectus of the nonfixing eye 
(behind a screen) (Fig. 6). This will not 
appear in the muscles of the fixing eye, for 
that have been previously de- 
scribed. * A comparison of innervation in- 
crements per diopter of lens power is thus 
achieved. The subject must look through 
the optical center of the lens to avoid pris- 
matic effects. A ready comparison is also 
possible between lens-induced vergence in- 


reasons 


* When both eyes fix neither shows any change 
since accommodative convergence is negated by 
fusional divergence. 


Fig. 8.—Electromyogram of right lateral rectus in myasthenia gravis. A, initial level; 
, on protracted gaze right; C, 15 seconds after edrophonium was administered; D, 


minutes after edrophonium was administered. 
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nervation and that due to linear distance of 
an appropriate accommodative symbol. 
Studies are in progress evaluating such 
changes in accommodative strabismus. 

Fixation movement and fusional vergence 
induced by prisms are similarly quantitated 
in terms of innervation—this time recorded 
from the fixing eye behind the prism. 


C. Evaluation of Drug Effects 


A quantitative analysis of the action of 
drugs upon extraocular muscle innervation 
is simply achieved, providing a useful index 
to such effects, This is currently utilized in 
studies of myasthenia gravis. The charac- 
teristic myasthenic fall-out of innervation 
(Fig. 7) and the response to edrophonium 
(Tensilon) (Fig. 8) are readily measured. 
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Summary 


Integration of electromyographic poten- 
tials permits exact quantitation of innerva- 
tion. This has helped to clarify innervational 
aspects of the various positions of gaze, lens 
and prism deviations, and the effects of 
drugs upon the extraocular muscles. 

(16). 
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External Visibility of the Region of Schlemm’s Canal 


Report on a Family with Developmental Anomalies of Cornea, Iris, and 


Chamber Angle 


In a recent paper it was reported by 
Burian, Braley, and Allen ' that the trabecu- 
lar zone is externally visible by slit-lamp 
biomicroscopy in all normal eyes and that 
a thickening and prominence at the edge of 
this trabecular zone on the chamber side, 
constituting the so-called embryotoxon cor- 
neae posterius, 
occurrence, 


is a relatively frequent 
In no patient seen up to the 
time of publication of that paper could the 
region of the canal of Schlemm be identi- 
fied in external examination. Ascher? had 
previously described a patient in whom the 
canal of Schlemm was visible owing to a 
coloboma of the corneoscleral limbus, but 
this case had remained unique. In_ the 
present paper we wish to report on two 
patients in whom we were able to observe 
the region of the canal of Schlemm by ex- 
ternal slit-lamp examination and in whom 
we could verify this finding by gonioscopy. 
The two patients belonged to a family all 
of whose members presented, in varying 
degrees, one or more of the following signs: 
megalocornea, aplasia of the mesodermal 
leaf of the iris, miosis, corectopia, ectropion 
uveae, prominence of the ring of Schwalbe, 
persistent adherence of the iris to the tissues 
of the chamber angle, and pectinate ligament 
features. In other words, they presented 
varying degrees of the condition known as 
mesodermal dysgenesis of cornea and iris 
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(Rieger®) or posterior marginal dysplasia 
of the cornea (Streiff *). 

The family consisted of the father (Case 
1), the mother (Case 2), and eight children 
ranging in age from 16 years to 11 months 
(Cases 3 to 10). All these we could ex- 
amine. The family history was not very 
revealing. The father knew of no signifi- 
cant ocular disease in his parents or in his 
four sisters and two brothers or among his 
more distant relatives, except that one sister 
was nearsighted and was practically blind 
in one eye, this condition not being due to 
any known injury or diease, The mother’s 
parents, one sister, and three brothers all 
had to their knowledge good eyes, but one 
of her maternal cousins had cataracts re- 
moved at a relatively early age and this 
man’s son had to have both eyes removed 
for retinoblastoma. 

So as to avoid a tedious reporting of each 
case, we have summarized the pertinent 
findings in all members of this family in 
Table 1 and listed the frequency of the 
occurrence of the salient features in Table 
2. 

We should have hesitated to report this 
family, since it does not add greatly to our 
knowledge of the symptom complex which 
they exemplify, if it were not for the new 
observations which we could make regard- 
ing the external visibility of the region of 
the canal of Schlemm. We shall, therefore, 
describe now in some detail our findings in 
the two patients in whom this observation 
was made. 

The first is Case 6 (Table 1), an 11- 
year-old boy, who presented the following 
picture. His corneas were of normal size; 
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Size of 
Horizontal 
Meridian 
of Cornea, 

Mm, 


ReL, 11.75 


R=L, 12.5 


ReL, 13.0 


R=L, 11,75 


R=L, 13.0 


R, 115 
L, 12.0 


ReL, 12.25 


R=L, 13.0 


ReL, 11.5 


ReL, 13.5 


Intraocular 
Pressure, 
Mm. Hg. 
ReL, 44 
RK, 446 


L, 17.4 


ReL, 17.4 


Re=L, 14 


ReL, 174 


ReL, 17.3 


Not taken 
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TABLE 1 —Findings in Members of Family with Various 


Vision 
(Without 
Correction 
Unless Stated 
Otherwise) 


R=L,6/45—2 Blue, general 


mild atrophy 


ReL, 6/643 Right, hazel; 
left, brown; 


no atrophy 


R, +4.50-0.75 
ax 5=6/6—3 

L, 
ax 


Brown; marked 
atrophy; pigment 
seattered over 
anterior surface; 
slight ectropion 
uveae O.U, 


R=L, 6/6 Blue-gray; no 


atrophy 


R, +3.75—2.75 Gray; marked 
X30=6/9—1 atrophy 
L, ~—2.00—6/60 


R=L, 6/4.5 hazel 
htly lighter 
th -- left; no 


right 


atrophy, but very 


formation 


R, —7.50=6/6 Brown; left some- 


—10.50=6/6 what lighter than 


right; marked 
atrophy; slight 


ectropion uveae OS 


useful Brown; texture 
normal 


20 (vinyl Myo aw Atrophy of iris 


et 
snesthesta) 


demonstrated by 
retroillumination 


».U,) 


Pupil 


R=L, 3mm. 


Extremely miotic 
(4 mm. or less); 
dilates only to 
1.75 mm. with 
cyclopentolate; 


R=L, 5.51 


slightly disp 
upward and nasal- 
ward 


Re=L, 3 mm.; 
upward 
Iward 


htly nasalward 


Displaced upward 
and nasalward 


Normal position 
and size 


Not noted 


Well exposed 


Well exposed 


Widely exposed, 
especially on 
sie le in O.8.; 
texture 
seen, fine pigment 
scattering 


Widely 
moderately heavy 
pigmentation of 
anterior trabecular 
zone temporall 
and below 0.U. 


Narrow exposure; 
no pigmentation 


Widely exposed; 
pigmentation of 
anterior trabecular 
and below O 


Average exposure; 
no pigmentation 
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No. Yr. 
Trabecular 
Zone 
1 6& M Visible 
| 
6 R, 13.0 R, L.P. Brown; mild 0.D., miotic 
L, 46 L, —0.25+ atrophy (<1 mm.); 0.8., 
1.00 ax 90= miotic (2 mm.); 
6/944 0.U., displaced 
an 
L, 17.3 
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VISIBILITY OF SCHLEMM’S CANAL 


Degrees of Mesodermal Dysgenesis of Cornea and Iris 


Slit-Lamp Biomicroscopic Findings 


External 


Ring of 
Schwalbe 


0.8. Possible mild prom- 
inence at 5 o'clock 


Region of Canal 
of Schlemm 


Not identified 


Mildly prominent in lower Not identified 
nasal third of O.D. and 


lower temporal third of 
0.8. 


visible 
sally and 
0.D., only temporally in 
pectinate fibers at- 
taching to it in O.D. 


Prominently Not identified 


Slightly prominent 
porally in O.D. 


Assumed to be identified in 
O.D. as dense tissue peri- 
pheral to ring of Schalbe and 
trabecular zone; no pig- 
mentation 


tem- 


Marked | on Not identified 
nasal and temporal side 
0.U., sealloped, with 
patches of pigment; broad 
areas of persistent ad- 
herence of iris to ring tem- 


porally, small adherence 
nasally 


No prominence Identified by dense pig- 
mentation on lower temporal 
side of limbus in each eye, 


more pronounced in O.D. 


Prominent in O.D. from 2 Not identified 
to 4 o'clock; in O.8, from 


8 to 10 o'clock 


Identified by very heavy 
pigmentation on lower tem- 
poral side of limbus, especi- 
ally in O.D, 


No prominence Not identified 


Not identified 


Gonioseopic 


O.D. Some persistent adherence 
nasally; O.8. possible persistent 
adherence nasally of very thin 
portion of iris 


of Schwalbe in 
.D., lower portion 


Prominent rin 
portion 


up 
O.8.; fine broken ‘and bridging 
iris processes 


Iris bows backward in 
heavy pigmentation of Schlemm's 
canal where visible; iris pro- 
cesses adherent to trabecular 
zone; iris adherence covering 
most of trabecular zone in tem- 
poral region 


Angles open; ring of Schwalbe 
my ay temporally and in- 
erlorly in O.8., in spots in O.D.; 
no pigmentation of trabecular 
zone or region of Schlemm's 
canal 


riphery; 


Iris bows backward in region of 
zonule; angle wide open above 
and below; prominent ring of 
Schwalbe, especially nasally, 
seen in O.U.; also in O.U. iris 
temporally adherent to ring of 
Schwalbe for distance of 34 
mm.; nasally only halfway up 
trabecular zone for distance of 
2 mm.; region of Schlemm's 
canal tannish color 


Iris bowed backward in region 
of zonule; atrophic; pigment 
seattered on anterior portion of 
trabecular zone; region of canal 
of Schlemm heavily pigmented; 
scleral spur recognized; numerous 
bridging iris processes; no pro- 
minent ring of Schwelbe; per- 
sistent adherence of iris from 6-7 
o'clock in 0.8., similar adherence 
in temporal angle 


Numerous bridging iris processes, 
going to scleral spur; pearliness 
of Schwalbe's ring here and there; 
at 1 o'clock in O.8., 
which point club-shaped 
bridging pectinate strand inserts 
low ring; no pigmentation of 
trabecular zone 


No prominence of ring of 
Schwalbe; pigment scattered on 
anterior portion of trabecular 
zone; very heavy pigmentation 
region of Schlemm's canal; 
spur identified; broad 
ciliary body band seen below 


Not done 


Attempted in anesthesia with 

little success as to observation of 

details; oe Fanny no pigment in 
becular zone in either eye 


Other Findings 


Left exotropia: 
12A for distance 
25A for near 


Dense congenital cataract 
O.D.; lens appears to be 
subluxated; numerous 
punctate opacities in lens 
O.8.; right esotropia of 45 
degrees 


Fine strand-like remnants 
membrane in 
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Taste 2.—Frequency of Occurrence of Salient Features of Mesodermal Dysgenesis 


Condition 


Megalocornea (horizontal diameter >12 mm.) 
Iris atrophy 

Pupil Miotie 

| Displaced 


King of Schwalbe recognized 


) 
| In gonioscopie view 


Persistent iris adherence 

Pectinate ligament features 

Pigmentation of anterior 
recognized. 

Pigmentation of region of canal of Schlemm 
recognized. 


trabecular zone 


the irises were brown and showed a mild 
atrophy of the mesodermal layer. The 
pupils were round but miotic and were 
displaced upward and nasalward. Slit-lamp 
examination of the limbal area revealed a 
widely exposed trabecular zone, the corneal 
edge of which faded into the clear corneal 
tissue without prominence of the ring of 
Schwalbe. Thus far, the boy presented only 
a mild atrophy of the iris and miotic dis- 
placed pupils. Iris atrophy of varying de- 
gree was noted in five members of the fam- 
ily; a pronounced miosis, in three, and a 
displacement of the pupil, again, in five. 
The typical picture of the condition is re- 


Fig. 1 (Case 3).—Left eye. 
of Schwalbe (Schw.) nasal side. 


Iris atrophic. 


of Cornea and Iris in One Family 


J In external view 


In external view 

In gonioseopic view 

In external view 

In gonioscopic 


No. in Family 
Showing Trait 


) Prominent 

| Not prominent... 
) Prominent 
| Not prominent... 


produced in igure 1, which shows the left 
eye of Patient 3, with iris atrophy, miotic 
displaced pupil, slight ectropion uveae, and 
pigment scattering on the anterior surface 
of the iris. In addition, this patient had 
megalocornea and a mildly prominent ring 
of Schwalbe at the corneal edge of the well- 
exposed trabecular zone. 

The most important finding, present in 
both eyes of Patient 6, was a moderately 
heavy scattering of pigment on the trabecu- 
lar zone adjacent to its corneal edge visible 
by slit-lamp examination and very heavy 
pigmentation peripheral to it at the limbus 
(lig. 2). We interpreted this to be a pig- 
Pupil 


miotic and displaced. Prominent ring 
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VISIBILITY OF SCHLEMM’S CANAL 


Fig. 2 (Case 6).—Lower temporal 
region of limbus of left eye, showing 
scattering of pigment on anterior trabec- 
ular zone and heavy pigmentation of 
region of Schlemm’s canal (a), visible 
in external slit-lamp examination. 


mentation of the region of the canal of 
Schlemm, and our assumption was con- 
firmed by gonioscopic examination. This 
showed a bowing backward of the atrophic 
iris in the region of the zonule; pigment 
was scattered on the anterior portion of the 


trabecular zone, and the region of 


Fig. 3 (Case 6).—Photograph of temporal angle 
of right eye, showing adherence of iris to trabec- 
ular tissue and heavy pigmentation of area of 
Schlemm’s canal (Schl.). 


Burian et al. 


Schlemm's canal was heavily pigmented. 
We could orient ourselves in the angle by 
the scleral spur, which was clearly recog- 
nized. There were also numerous bridging 
iris processes, but the line of Schwalbe was 
nowhere prominent. In Figure 3 a photo- 
graph of the temporal angle of the right 
eye is reproduced which shows some of 
the features mentioned. <A_ particularly 
noteworthy feature was a_ persistent ad- 
herence of the iris to the region of the canal 
of Schlemm in the left cye between 6 and 
7 o'clock. This persistent adherence, the 
iris atrophy, and the pigment distribution 
on the trabecular zone are clearly demon- 
strated in the drawing reproduced in Figure 
4. A similar persistent adherence of the 
iris, but in this case to Schwalbe’s ring, in 
the temporal angle of the left eye of another 
member of this family (Case 5, Table 1), 
is represented in Figure 5. 


Patient 8, a 6-year-old girl, presented a 
situation similar to that of her older brother. 
She did, however, have a pronounced mega- 
locornea, as did five other members of the 
family ; marked iris atrophy, and a displaced 
pupil, but, again, no prominent ring of 


Schwalbe. In external examination pig- 
ment was found scattered on the anterior 
portion of the widely exposed trabecular 
zone in parts of the limbus, and the region 


of the canal of Schlemm was identified by 
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very heavy pigmentation. Gonioscopic ex- 
amination permitted us to confirm this 
identification (Fig. 6). In one of the pa- 
tients (Case 3, Table 1) a heavy pigmen- 
tation of the area of Schlemm’s canal was 
seen gonioscopically, but not in external 
examination. The trabecular zone was ex- 
posed to an average width and there was 


Fig. 5 (Case 5).—Photograph of temporal angle 
of left eye. Iris atrophic; broad area of persistent 
adherence of iris to ring of Schwalbe (Schw.). 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


Fig. 4 (Case 6).—Lower angle of left 
eye. Pigment at anterior border of 
trabecular zone (Schw.); heavy pig- 
mentation of the area of Schlemm’s 
canal. No prominence of Schwalbe’s 
ring. Persistent adherence of iris to 
lower part of trabecular zone. 


a prominence of the ring of Schwalbe, but 
the external limbus extended too far cornea- 
ward to permit visualization of the area of 
Schlemm’s canal. 

Having become aware of the fact that 
the region of the canal of Schlemm may 
be accessible to external inspection by slit- 
lamp examination, we paid particular atten- 
tion to this possibility in other patients and 
have noted in certain instances in which the 
anatomic conditions were favorable a dense 
tissue of texture similar to the anterior 
trabecular zone, situated peripherally to the 
ring of Schwalbe and the anterior trabecular 
zone. We have assumed this to be the area 
of the canal of Schlemm. Such was the case 
in Patient 4 (Table 1) of the family under 
discussion. We could make this identifica- 
tion with more assurance in another pa- 
tient, a 20-year-old girl not belonging to 
this family. In this patient there was a 
definite “coloboma” of the external limbus 
on the nasal side of each eye. In most 
persons the horizontal meridian of the ex- 
ternal limbus extends less far corneaward 
than in other of the sclerocorneal 
limbus and may occasionally recede so far 
scleraward that the impression is gained 
that a small semilunar piece of sclera is 
missing and the structures of the chamber 
angle become widely exposed to external 
examination. One is then entitled to speak 
of a “coloboma of the external corneo- 
scleral limbus,” as did Kraupa® and 


areas 
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VISIBILITY OF SCHLEMM’S CANAL 


Fig. 6 (Case 8).—Photograph of lower angle of right eye. 


region of Schlemm’s canal (Schl.). 


Ascher.? This situation obtained in the 20- 
year-old patient to whom we have just re- 
ferred. The nasal half of her left eye is 
shown in Figure 7. The patient had no 
ocular complaint other than a hordeolum 
on the left upper lid. The uncorrected vision 
was better than 6/6 in each eye, and there 
were no demonstrable pathologic changes in 
the media and fundi of her eyes. How- 
ever, there was the coloboma of the corneo- 
scleral limbus on the nasal of each 
eye, and external slit-lamp examination re- 
vealed a prominent ring of Schwalbe in 
that area and a tag of a pectinate strand 


side 


Heavy pigmentation of the 


inserted on the ring at 3 o'clock in the right 
eye. Peripherally to the ring the trabecular 
tissue was seen, and peripherally to it, and 
continuous with it, a denser tissue inter- 
preted by us to be the area of the canal of 
Schlemm. Since we noted no pigmentation 
of this area, we attempted to fill the canal 
itself with blood by compression of the 
jugular vein, hoping to identify it in ex- 
ternal examination, but we did not succeed 
in doing so. By gonioscopy we found an 
angle of average width with an acute apex, 
The ring of Schwalbe was prominent in the 
nasal angle in an area of about 4 mm. in 


Fig. 7.—Photograph of nasal half of left eye of a 20-year-old woman with coloboma of 


the corneoscleral limbus, 


There is a prominent ring of Schwalbe (Schw.). 


The denser 


tissue (a) at the limbus at 9 o'clock corresponds to the area of the canal of Schlemm as seen 
by gonioscopy. This patient had no pigmentation of the trabecular zone. 


Burian et al. 
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length; neither the anterior trabecular zone 
nor the region of Schlemm’s canal showed 
any pigmentation. In all four quadrants of 
both eyes there were iris processes in the 
form of pectinate ligament strands going 
across the scleral spur and inserting low on 
the trabecular zone. The tag of pectinate 
ligament strand seen in the right eye on 
external examination inserting on the ring 
of Schwalbe at 3 o'clock was identified in 
gonioscopy. Jt did not continue back to the 
iris but appeared to be broken off. 

Returning now to the family of patients 
reported in this paper, it is of interest to 
comment on two additional observations. 
One pertains to the relationship of megalo- 
cornea to refractive errors. As will be seen 
from Table 1, the patients (Cases 3, 5, 8, 
and 10) with pronounced megalocornea all 
had significant errors of refraction, but 
there was no consistency in type or amount, 
Two patients (Cases 8 and 10) had high 
spherical myopic errors; two had a high 
hyperopic astigmatism (Cases 3 and 5). 
One of the last two had an antimetropia. In 
one of the four patients the visual acuity 
could not be determined; two had normal 
visual acuity, and one (Case 5) had slightly 
subnormal vision in the right eye, with the 
hyperopic astigmatism, but the myopic left 
eye was deeply amblyopic. 

The second observation relates to the 
intraocular pressure in these patients. All 
tension measurements—and most of these 
were done repeatedly—indicated normal in- 
traocular pressure in all patients, even in 
those who showed by external or gonio- 
scopic examination a heavy pigmentation of 
the region of the canal of Schlemm. Al- 
though none of the children had congenital 
glaucoma, the patients will remain under 
observation to check on the possible de- 
velopment of juvenile glaucoma. One is 
justified in concluding that the observed 
anomalies as such do not lead to develop- 
ment glaucoma, They may, however, be a 
predisposing factor in the production of 
juvenile glaucoma if other factors concur 
to disturb the equilibrium of production and 
outflow of aqueous. 
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Summary 


The ocular findings in a family of 10 
members are described. All of them had in 
varying degree one or more of the follow- 
ing congenital anomalies of the anterior seg- 
ment of the eyes: megalocornea, aplasia of 
the mesodermal leaf of the iris, miosis, 
corectopia, ectropion uveae, prominence of 
the ring of Schwalbe, persistent adherence 
of the iris tissue to the chamber angle, and 
pectinate ligament features. 

In two members the region of the canal 
of Schlemm was heavily pigmented and 
could be identified in external examination. 
It is pointed out that this identification can 
also be made in the absence of pigmentation 
where the anatomic conditions are such that 
the external limbus does not extend as far 
corneaward as is ordinarily the case. In 
support of this statement there is included 
in this paper the description of the findings 
in one patient, not a member of the same 
family, who had a definite coloboma of the 
external scleral limbus. 


Department of Ophthalmology, 
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Effects of Intravenous Urea on Intraocular Pressure 
in the Monkey 


RICHARD P. BUNGE, M.S.; R. CLARKE DANFORTH, B8.5S., and PAUL H. SETTLAGE, Ph.D., M.D., Madison, Wis. 


The osmotic relationship between blood 
and aqueous humor is a factor of well- 
recognized importance in governing intra- 
ocular pressure.’ The aqueous is slightly 
hypertonic to blood.** Friedenwald® and 
Kinsey ® postulate that the hypertonicity of 
the aqueous derives from the formation of 
an excess of hydroxyl ions, which, in react- 
ing first with carbon dioxide and then with 
sodium and other cations, maintains the ionic 
concentrations of the aqueous above plasma 
levels. The rate of aqueous flow is consid- 
ered to be a function of this osmotic rela- 
tionship. 

Osmotic changes in the blood may alter 
aqueous flow.?. Many osmotic agents, espe- 
cially sugars, have been used for the purpose 
of influencing intraocular pressure. Hertel,* 
in 1914, demonstrated that urea reduced 
intraocular pressure when injected intra- 
venously in the rabbit. In an experimental 
study, Fremont-Smith and Forbes® have 
shown that intracranial and _ intraocular 
pressures are closely related and that they 
react in parallel to many systemic influences, 
e. g., thoracic pressure, jugular compression, 
and intravenous water injection. According 
to these investigators, urea produces a sym- 
metrical reduction of intracranial and intra- 
ocular pressure in rabbits, dogs, and 
monkeys. In this report, which appeared in 
1927, they suggested that urea might prove 
to be of clinical value. 
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This suggestion was first followed in 
1956, when Javid and Settlage '® demon- 
strated that urea is more effective than 
sucrose or glucose in reducing intracranial 
pressure in This clinical work had 
been preceded by animal experimentation."' 


man, 


Urea was shown to be superior to the 
sugars, not only in degree of tension reduc- 
tion, but also in duration of effect. Further 
reports '*:'® suggest a variety of applications 
for the use of urea in the control of intra- 
cranial edema and supplement the larger 
body of literature concerning its use as a 
diuretic. 

The recent successful use of urea to re- 
duce intracranial pressure in man, and the 
demonstrated parallelism between intracra- 
nial and intraocular pressure, provided the 
stimulus for the present systematic study of 
the effect of this drug on intraocular pres- 
sure. This report compares the effect of 
hypertonic urea with that of hypertonic 
sucrose and dextrose, as well as with the 
recently developed agent for reducing car- 
bonic anhydrase activity, acetazoleamide 
( Diamox ). 


Materials and Methods 


The experimental animals were seven 
Macaca mulatta monkeys weighing between 
4.15 and 7.6 kg. Anesthesia was induced by 
the intramuscular injection of 42 mg/kg. of 
freshly dissolved pentobarbital (Nembutal). 
Intramuscular injection of about one-fourth 
the initial dose every 80 to 90 minutes 
maintained an adequate level of anesthesia. 
The animals were placed in the supine posi- 
tion, eyes directed upward, with the head 
cradled in towelling. In the initial experi- 
ments an ophthalmic ointment (butacaine 
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{Butyn}] sulfate [2%] nitromersol 
[Metaphen] [1:3000]) was applied to allow 
lighter general anesthesia. When experience 
revealed that the ointment did not provide 
any advantages in this regard, its use was 
discontinued, 

Pressure measurements were made with 
the McLean tonometer. Left and right eyes 
were studied separately, and the results are 
separately reported. The curves in the Fig- 
ures chart pressures for only one eye. Read- 
ings from the McLean tonometer scale, 
which is calibrated in millimeters of mercury 
of intraocular pressure for the human eye, 
were used in this study as an index of 
relative changes rather than as a true meas- 
ure of intraocular pressure. It was found 
that the instrument could be used in the 
monkey with a high degree of confidence. 
In special control studies in which two ex- 
perimenters made independent observations, 
the disparity between readings was rarely 
greater than two divisions of the tonometer 
scale, 

Tonometer readings were taken every 
half-hour during an experimental period 
lasting 10 to 12 hours. In each of the seven 
animals the intraocular pressure was meas- 
ured during a 12-hour control period with- 
out the administration of any drug other 
than the anesthetic. This control experiment 
was designed to indicate the individual re- 
actions to prolonged pentobarbital anesthesia 
as well as to repeated tonometer applications. 
All experiments were begun between 7.00 
and 9:00 a. m. 

All drugs (excluding pentobarbital) were 
administered intravenously in the short 
saphenous or the medial cubital vein. The 
hypertonic solutions were administered at 
a rate of 2.5 to 3.0 cc. per minute. Com- 
mercial preparations of sucrose, dextrose, 
and acetazoleamide were used. Urea solu- 
tions were prepared in the following man- 
ner: The urea was weighed on clean filter 
paper, transferred to a sterile graduate, and 
made up to correct volume with sterile 5% 
dextrose solution. The urea dissolved with 
a negative heat of solution and was allowed 
to warm to room temperature before injec- 
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tion. Only freshly dissolved urea was used. 


The following doses were used: 
Dextrose 2.5 gm/ke. (5 ec/kg. of 50% solution) 
Sucrose 2.5 gm/kg. (5 ec/kg. of 50% solution) 
Acetazoleamide 50 mg/ky. (0.5 cc/kg. of 10% solution) 
Urea 0.75 gm/kg. (2.5 ec/kg. of 30% solution) 
Urea 1.5 gm/ke. (5.0 cc/kg. of 30% solution) 
Urea 2.5 gm/kg. (5.0 cc/kg. of 50% solution) 


In two monkeys the dose of 2.5 cc/kg. of 
30% urea was repeated when the pressure 
returned to normal. Except in the case of 
urea, the doses were considerably higher 
(7 to 10 times) than the average dose per 
kilogram in man as given in a_ standard 
pharmacology text.’* Urea has been admin- 
istered to man in amounts equivalent to 
those used in the present study, i. e., 1.5 
gm/kg.'” 
Results 


in the 
control 


Normal Intraocular Pressure 
Monkey.—During 29 two-hour 
periods in seven monkeys the exact mathe- 
matical average of 145 readings for the right 
eye was 26.042; for the left, 26.057. The 
lowest average control pressure was 20.6; 
the highest was 30.4. These data indicate 
that the average normal intraocular pressure 
in seven Macaca mulatta monkeys, deter- 
mined in 290 separate readings, was approx- 
imately 26 scale units of the McLean 
tonometer, with a range between 20 and 30 
scale units in the various animals. 

Control Experiments.—Effect of 10- or 
12-hour periods of pentobarbital anethesia on 
intraocular pressure: The pressure curves 
obtained during the control experiments, in 
which no drug was administered, can be 
divided into three types. In two animals the 
pressure varied only slightly over a 12-hour 
control period during which pressure meas- 
urements were made every one-half hour 
(See Fig. 2). In a second group (two 
animals) the pressure showed a gradual de- 
cline of 7 to 9 tonometer scale units during 
the 10-hour control period, as illustrated in 
Figures 1 and 3B. In the third group (three 
animals) the curves fell off sharply after a 
comparatively steady six-hour period. After 
this initial plateau there was a fall of 10 
to 15 scale units during the subsequent six 
hours. 
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Decrease in Intraocular Pressuret 


Normal Dextrose 
Intraocular 
Pressuret 


* The values given for normal intraocular pressure were obtained b 
animal. The degree of pressure change was calculated by subtracting t 


Sucrose Acetazole- 


Urea Urea 


50% amide 30% 50 
(5 Ce./Kg.) (5Ce./Keg.) (50 Mg./Ke.) (Ce/Ke.) (6 Ce/Ke.) 
g. 


18.5+ 
16.54- 


73 5.8 


y averaging all the control period readings for the individual 
ve lowest reading following drug injection from the average of 


A 


the control readings of the particular eupertmens. The plus values in the last two columns of the table indicate that the pressure fell 
btedly su 


below 10, which is the lowest value on t 
oe greater than the indicated value. 


tonometer scale. In many of these instances the pressure d 


were 


he pressure values are in scale units of the McLean tonometer. 


In three animals (Monkey 92 and two 
animals not included in the present series) 
the control experiment was varied in an at- 
tempt to determine whether the application 
of the tonometer every 30 minutes might 
itself be responsible for a gradual pressure 
drop over a 10- or 12-hour period. In these 
animals pressures were taken every one-half 
hour on the right eye but only every six 
hours on the left eye. These three experi- 
ments indicated that tonometer massage was 
not responsible for the gradual fall in intra- 


ocular pressure when the pressure was 


measured repeatedly for long periods of 
time; the readings for left and right eyes 
never diverged more than 2 to 3 scale units. 

Results of Drug Administration.—The re- 
sults are summarized in Tables 1 and 2. As 
seen in Table 1, the intravenous injection of 
urea in any of the three dosages tested pro- 
duced substantially greater reductions in in- 
traocular pressure than did dextrose, sucrose, 
or acetazoleamide. The effect of 5 cc/kg. 
of 30% urea was more than twice as great 
as the effect of any of these three drugs. 
This corresponds well with the findings of 


TaAsLe 2.—-uration of Drop in Intraocular Pressure Following Intravenous 


Duration of Drop in Intraccular Pressure, Min. 


Normal Dextrose 
Intraocular 


Pressure 


Sucrose 


50% 50% 
(5 Ce./Kg.) (5 Ce./Ke.) 


Acetanole- 
amide 
(50Mg./ 
Kg,) 


Urea 
30 40% 
(256Ce./ (5 Ce./Kg.) 

Kg.) 


Urea 
75-00 
75-00 


120 
120 


83 101 


* The values for the duration of the period of pressure decrease were obtained by determining the interval between the time when 
the pressure first began to fall following drug administration and the point of leveling off of the postinjection pressure curve. By plot- 
ting the results of each experiment separately, it was possible to locate these points on the curve accurately. 

+ Experiment terminated before duration of drop could be — determined. 

t The right eye did not return to normal but stayed below 10(mm. Hg) for the remainder of the experimental period. 
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2 
Tasie 1.—Decrease in Intraocular Pressure Following Intravenous Injection of i 
Acetazoleamide and Various Hypertonic Solutions * . 
Monkey 
No. = 
87 7.2 5.2 19.4 or 
7.2 64 204 | | 
11.0 15.8 21.04 
78 17.0 20.24 
96 6.0 0.5+ 
4.7 8.94 
101 64 16.0+ 18.8-+- 
8.3 17.2 18.24 
102 3.0 12.7+ 
48 11.2+- 13.8+- 
103 6.2 11.44 14.4+ 
68 14.0+ 16.0+- 
Av. 5.9 15.2+ 15.9+ 
Injection of Acetazoleamide and Various Hypertonic Solutions * a 
_ 
Urea 
Monkey 
No. = (5 Ce./Kg.) 
87 60 60-90 70 
60 60-90 270 
92 110 
80 
4 0 60-120 180 
R0 120 180 
96 110 110 100+ 
110 110 | 
101 170-200 240 
170-200 240 
102 180 340 
180 430 
av. 40 no 
= 


DIAMOX (SO mgm/kilo) 
30% UREA (Secc/kilo) 
SUCROSE (See/kilo) 


i i 


CONTROL PERIOD 0 


TIME IN HOURS 
Fig. 1.—The effects of acetazoleamide, urea, and sucrose on intraocular 


Monkey 87. 


——— CONTROL 

30% UREA 
60% UREA (Sce/kilo) 
DEXTROSE 


i i 


CONTROL PERIOO O 


TIME IN HOURS 
?. The _ effects of urea and dextrose on intraocular pressure in Monkey 101. 
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Fig. 3.—The effects of acetazoleamide on intraocular pressure in Monkeys 92 (A) and 


96 (B). 
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Fig. 4—The effects of repeated urea injections on intraocular pressure in Monkeys 
94 and 87 


Bunge et al 


i, 
= 
: 
| 
i 
; 
be 
663 
as 


Smythe, Smythe, and Settlage '' regarding 
the effects of urea on intracranial pressure 
in the monkey. Acetazoleamide and dex- 
trose are about equally effective in reducing 
the normal intraocular pressure in the 
monkey ; sucrose causes a somewhat greater 
drop. 

The marked pressure reductions, as in- 
dicated by the tonometer readings, were 
easily detectable by simple palpation. With 
the larger doses of urea the eye was ren- 
dered breiweich (completely soft to touch), 
to use the expression of Hertel.* Table 2 
indicates the duration of the period of re- 
duced pressure. Except in the case of 
acetazoleamide, this varied directly with the 
degree of depression. The return to normal 
pressures occurred most rapidly with dex- 
trose, which affected pressure the least, 
whereas the most prolonged period of pres- 
sure reduction followed administration of 
50% urea, the solution causing the greatest 
pressure drop. 

Figures 1 to 4 illustrate the results in 
graphic form. Figure 1 is a comparison of 
the effects of acetazoleamide, sucrose, and 
urea in Monkey 87, together with control 
readings over a 10-hour period. The ex- 
periments were spaced at least one week 
apart to allow complete recovery from the 
effects of the prolonged anesthesia. It 
interesting to note the excellent agreement 
in pressures during the respective control 
periods. The curves in this Figure clearly 
illustrate the superiority of urea 
acetazoleamide and sucrose, in both degree 
and duration of pressure reduction. 

Figure 2 compares dextrose with 30% 
and 50% urea solutions. Again the readings 
during the two-hour control periods are in 
good agreement, especially in view of the 
fact that the curves were obtained over a 
four-week period. The pressure dropped 
sharply in each case. Dextrose was the least 
effective substance ; 50% urea was the most 
effective in the degree and duration of 
pressure change. 

Figure 3 illustrates the effect of acetazole- 
amide in two monkeys. The results were not 
striking (5.2 to 6.2 tonometer units), though 


1S 


over 
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the duration of effect was somewhat greater 
than for either of the sugars tested. 

Figure 4 illustrates the effects of repeat- 
ing a dose of 2.5 cc/kg. of 30% urea in each 
of two monkeys. The second injection, 
administered when the effects of the first 
had diminished, produced a change which 
was at least as pronounced as that which was 
seen following the initial administration. 
The durations of effect of the two doses 
were approximately equal. By dividing the 
dose in this manner, the period of action of 
5 ce/kg. of 30% urea can be considerably 
increased. This suggests that repeated ad- 
ministration of urea may maintain the 
lowered pressure for extended periods of 
time. 

Administration of the various drugs pro- 
duced no adverse effects, except for a 
transient hemoglobinuria following 50% 
urea. This did not seem to impair the health 
of the animal in any way. The same phe- 
nomenon was observed by Smythe et al. in 
a study on monkeys.'! The occurrence of 
hemoglobinuria following intravenous in- 
jection of 50% urea solutions in animals has 
been the basis for considering solutions of 
this concentration as contraindicated clini- 

Hemoglobinuria is never observed after 
30% urea injection when 5% dextrose solu- 
tion, rather than water, is used as the solvent. 


Comment 


The object of the present study was a 
limited one: to compare the hypotensive 


effect of four drugs. With this accom- 
plished, and with results indicating that hy-' 
pertonic urea is by far the most effective 
of the four agents, it becomes desirable to 
know more about the mechanism of urea 
action. Definitive answers must await appli- 
cation of more refined tonographic methods. 
At the present time these limited specula- 
tions appear justified. 

Mechanism of Urea Action.—Settlage et 
al.!* have presented evidence that the effects 
of urea on cerebrospinal fluid pressure are 
directly correlated with its diuretic action. 
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The period of lowest cerebrospinal fluid 
pressure corresponds with the period of 
maximum urine output. The effects of urea, 
therefore, appear to be due primarily to its 
marked diuretic effect. The present results 
are in good agreement with those obtained 
with the use of urea in the reduction of 
intracranial pressure. Similar mechanisms 
may be at work in both instances. 

Recently de Roetth* studied the effects of 
changes in the osmotic presure of the blood 
on aqueous humor dynamics in man. Using 
tonographic measurements according to the 
method of Grant,’® he found that osmotic 
changes in the blood affect the total rate of 
flow of aqueous in both normal and 
glaucomatous eyes. Hypertonic solutions 
cause a decrease in flow; hypotonic solu- 
tions, an increase. In glaucomatous eyes the 
facility of aqueous outflow is not appreciably 
changed by hypertonic sorbitol, while this 
monosaccharide sugar produced an appreci- 
able alteration in facility of outflow in the 
normal eye. The response to sorbitol was 
reported to be of short duration. The maxi- 
mum effect was seen at 30 minutes, with a 
return to normal in about 2 hours. In the 
present study the effects of the monosac- 
charide dextrose were found to be of even 
shorter duration (30 to 60 minutes). 

The findings of Bellows and associates ' 
are in conflict with the present results and 
with the observations of de Roetth. These 
workers observed the maximal reduction in 
intraocular pressure 12 to 24 hours after 
sorbitol injection. The diuretic effects of 
sorbitol in the dog begin within 15 to 30 
minutes following intravenous injection."* 
It is completely cleared from the blood in 
about three hours.’* Therefore, the pro- 
tracted action described by Bellows et al. is 
difficult to accept. The absence of adequate 
control studies by Bellows et al. may ac- 
count for this discrepancy. 

It would seem reasonable to assume that 
hypertonic sorbitol and urea assert their 
actions through similar mechanisms. In- 
creased urea in the blood (concentrations up 
to 90.0 mg/100 cc. have been observed after 
intravenous injection in the human") re- 
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sults in an increased osmotic tension in the 
ciliary capillaries. This concentration alters 
the blood-aqueous osmotic _ relationships, 
with a resultant decrease in aqueous flow and 
a lowering of intraocular pressure. Secondar- 
ily, because of the obligatory water loss 
which occurs when urea is excreted, there 
is an increase in the colloidal concentration 
in the blood. Consequent upon this change 
in oncotic pressure of the blood plasma, 
there is a hypotensive effect on intraocular 
pressure during the full period of diuresis. 

The absence of a secondary rise in in- 
traocular pressure following hypertonic 
sugar or urea injections may be due to an 
active blood-aqueous barrier for these sub- 
stances. As first pointed out by Adler ' and 
Walker * in 1933, urea is present in lower 
concentrations (about 30%) in aqueous 
than in blood. Duke-Elder and Davson *! 
found that nitrogenous substances penetrate 
the blood-aqueous barrier slowly (at about ’ 
one-third the rate of the large-molecule 
sugars). Glucose is also present in the 
aqueous in diminished concentrations, ow- 
ing to glucose utilization by the lens.?*_ This 
lower concentration strongly suggests a 
blood-aqueous barrier, especially for nitro- 
genous substances, and may explain the ab- 
sence of a secondary rise in intraocular 
pressure following glucose or urea injec- 
tion. 

Practical Considerations Related to the 
Use of Urea.—Urea is an old and established 
drug, recognized as an effective diuretic 
when taken in doses of 20 gm. two to five 
times a day. The necessity of using large 
doses to obtain the desired effect constitutes 
one of the disadvantages of urea, but it 
should be emphasized that the disadvantage 
is only mechanical. Effective doses are not 
large in the sense of approaching the limit 
of toxicity, in that they are expensive, or in 
that they put a strain on the organism. 

The oral administration of urea presents 
an additional problem, for urea has an 
extremely disagreeable taste. Much of the 
difficulty of oral administration may be 
eliminated by using tablets. The tablets 
could be sugar-coated to eliminate the un- 
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pleasant taste completely. The taste problem 
is, of course, not present when the urea is 
given intravenously, by gastric tube, or sub- 
cutaneously. To the best of our knowledge, 
the latter route of administration has not 
been used clinically. A program of animal 
study is at present under way to determine 
the efficacy of subcutaneous administration. 

In the earlier studies of the present series, 
difficulty was encountered in preparing 
sterile solutions of urea for intravenous use. 
The problem was solved with the help of Dr. 
Busse, of the University of Wisconsin De- 
partment of Pharmacy. The fact that sterile 
urea preparations are not commercially 
available presents a problem for potential 
urea users wishing to employ the parenteral 


route, In actuality, sterile solutions are 
easily prepared.* 
There has been earlier mention in this 


report of the problem of hemoglobinuria and 
the means of avoiding hemolysis of the red 
blood cells. The matter of toxic effects, and 
what are considered important precautions, 
has been considered at length in another 
publication.” 

Turning from the consideration of prob- 
lems and disadvantages, we may point out 
some advantages of urea. Urea is highly 
effective, in comparison with hypertonic 
sugars and acetazoleamide, for the reduction 
of intraocular pressure in normal monkeys. 
The finding that urea was remarkably ef- 
fective for the reduction of cerebrospinal 
uid pressure in the monkey led to the trial 
of this agent in man. The results met all 
expectations, This consideration would 
seem to justify investigation of the efficacy 
of urea for the control of elevated intraocu- 
lar pressures in man. One might expect that 
clevated intraocular pressures would respond 
more dramatically to urea than do normal 


*Dr. Louis Busse, Department of Pharmacy, 
University of Wisconsin, has expressed his willing 
ness to provide the necessary advice and assistance 
for the preparation of sterile urea by local pharma- 
cies. Inquiries may be directed to Dr. Busse by 
pharmacists who would be responsible for prepara- 
tion of sterile solutions or by the interested phy- 
sicians themselves. 
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pressures. This has been found to be the 
case with elevated cerebrospinal fluid pres- 
sure,” 

Secondly, no toxic effects have been ob- 
served following large doses, and none are 
expected if reasonable precautions are ob- 
served. Urea is a normal body metabolite ; 
it has been designated by Salter ** as “na- 
ture’s own non-electrolytic diuretic.” Both 
oral and parenteral routes are available for 
administration. Rectal administration has 
not proved feasible, because of prompt and 
vigorous expulsion. Finally, it has been 
observed in cerebrospinal fluid pressure 
studies that urea continues to be effective in 
lowering pressures after doses have been 
given several times daily over a period of 
weeks.'* The final evaluation of the role of 
urea in the treatment of conditions of in- 
creased intraocular pressure must await re- 
peated trials in the ophthalmology clinic. 


Summary and Conclusions 


Intravenous injections of 5 ce/kg. of 50% 
dextrose, 5 cc/kg. of 50% sucrose, 2.5 cc/kg. 
of 30% urea, 5.0 cce/kg. of 30% urea, 5.0 
cc/kg. of 50% urea, and 50 mg/kg. of 
acetazoleamide (Diamox) were performed 
in seven monkeys in 22 experimental ses- 
sions to determine the effects on the normal 
intraocular pressure. The injections were 
preceded by a 2-hour control period; the 
intraocular pressure was followed for 10 
hours thereafter. 

The normal intraocular pressure in the 
monkey was found to be approximately 26 
units of the McLean tonometer. 
Anesthesia alone generally resulted in a 
gradual fall during the 12-hour observation 
period, 


scale 


Urea, 5.0 cc/kg. of 30% solution, pro- 
duced more pronounced and more prolonged 
pressure drops than did dextrose, sucrose, 
or acetazoleamide. The duration of the ef- 
fect averaged three hours. The magnitude 
of pressure reduction was more than 15 
scale units of the McLean tonometer. 


Toxic effects were noted only in the case 
of administration of 5 


cce/kg. of 50% 
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urea, which produced a transient hemo- 
globinuria. The more dilute urea solutions 
produced no toxic effects. 

It is suggested that urea may be useful in 
the management of 


increased intraocular 


pressure in man. 


Department of Anatomy, Science Hall, Univer- 
sity of Wisconsin (6). 
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The Radioactive Phosphorus Uptake Test for Malignant 
Melanoma of the Eye 


A Study of Forty Consecutive Cases of Suspected Intraocular Malignant 


Melanomas 


ANTHONY DONN, M.D., and JOHN W. McTIGUE, M.D., New York 


Introduction 


Since the first report by Thomas, Kroh- 
mer, and Storaasli, in 1952,’ many excellent 
studies have confirmed the fact that the 
measureable uptake of radioactive phos- 
phorus is greater over malignant melanomas 
of the eye than over normal ocular tissue, 
intraocular hemorrhage, or serous retinal 
detachments.2"* A wealth of case reports in 
these papers documents the fact that this 
difference in uptake may be used clinically 
to distinguish a malignant melanoma from 
a more benign condition in the eye. As the 
experience with this technique has increased, 
however, it has also become apparent that 
there are three important limitations to the 
clinical effectiveness of this test: (1) Lesions 
at the posterior pole may not be accessible 
to the probe counter; (2) inflammatory 
lesions may give false-positive readings for 
malignant melanomas; (3) inaccuracies in- 
herent in the counting procedure may give 
false results. For these reasons, a good deal 
of skepticism remains among many ophthal- 
mologists as to the empirical value of the 
test in actual practice. In an attempt to 
evaluate further the clinical usefulness and 
limitations of this procedure, the present 
work was undertaken, The reliability of this 
test was appraised in 40 consecutive cases 
of suspected intraocular malignant mela- 
nomas, 

Received for publication Jan. 16, 1957. 
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Methods 


In all cases the radioactive-phosphorus- 
uptake test was performed according to the 
procedure detailed by Terner, Eisenberg, 
and Leopold.** The dose of P** was ap- 
proximately 500. for a normal adult.* 
Readings were taken with a straight Anton 
probe counter over the control eye and over 
the suspected eye 1 hour and 24 hours after 
the administration of the phosphorus isotope. 
A minor modification of technique was em- 
ployed in obtaining control counts. Instead 
of using the average of readings taken at the 
limbus of the normal eye, control readings 
were made at only one spot on the normal 
eye, at a location which corresponded to the 
site of the lesions in the suspected eye. The 
criteria which we employed to indicate the 
presence of a malignant lesion are those 
which were described by Eisenberg, Terner, 
and Leopold: At 1 hour the ratio of the 
measureable radioactivity over the lesion 
compared with the control eye must be at 
least 1.3:1, and at 24 hours this ratio must 
be greater than the one-hour ratio. 

This ratio of 1.3:1 is an arbitrary bound- 
ary which has been derived empirically by 
~ * Although the amount of total body radiation 
from this dose is roughly seven times greater 
than the maximum permissible dose established by 
the National Committee on Radiation Damage, its 
use is approved by this committee on the same 
grounds that a gastrointestinal x-ray series (which 
also provides much more than the maximum per- 
missible dose) is justified—where possible diag- 
nostic benefit to the patient outweighs the risk of 
the radiation. In the case of pregnant women, 
however, this dose of P” is contraindicated, as 
embryonic tissue is much more sensitive to radia- 
tion than normal adult tissue. 


other workers. For this reason, it is im- 
portant to understand the large errors which 
are inherent in the testing procedure and to 
evaluate the reliability of a given result. 
In our experience the variation between any 
two sucessive counts over the same spot in 
a normal eye may run as high as +12%. 
Thus, if one took only one reading at each 
of two spots a ratio of 1.25:1 might occur 
simply from the range of error in the count- 
ing procedure. There are two main sources 
of error. One of these stems from the ran- 
dom nature of the decay of a radioactive 
isotope. Even if all other conditions of the 
testing procedure could be rigidlv controlled, 
the random disintegration of the radioactive 
isotope as employed in this test could account 
for a variation of about +7% in consecu- 
V 230 
tive readings.| Superimposed on this source 
of error is the error introduced by slight 
changes in position of the probe counter 
during one-minute counting 
periods. It is not possible to quantitate this 
error, for under some conditions a small 
change in position will make no appreciable 
difference, whereas when counting over a 
small malignant lesion a change of position 
of 1 to 2 mm. may remove a large part of 
the lesion from the face of the probe counter. 
Both of these sources of error can be greatly 
reduced by increasing the number of one- 
minute readings at each spot and using the 
average result. This decreases the error 
from the random disintegration of the iso- 
tope and decreases the variation due to small 
changes in the position of the probe. The 
reliability of the resulting ratios are thus 
increased. In this series we counted a mini- 
mum of five separate one-minute intervals 
at each spot and used the average of these 
readings. In any case, where the ratios were 
close to the arbitrary figure of 1.3:1 we 
would take five more separate one-minute 


successive 


counts at each spot and average these values 
with the earlier ones. 


+The usual one-minute reading in a normal 
adult one hour after 500uc of P™ is of the order 
of magnitude of 230 counts; 
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Selection of Cases 


This study was limited to only those con- 
secutive cases in which the possibility of 
malignant melanoma was considered on 
clinical grounds. All of the patients who 
were studied were referred by qualified 
ophthalmologists because some question 
arose in the eye examination as to the pos- 
sibility of a malignant lesion in the eye. 
These patients fell into three categories. 

The first group is comprised of 34 patients 
who presented a discrete, ophthalmoscopi- 
cally visible, lesion in the fundus. (In one 
patient the lesion was on the iris.) These 
patients had in common only the suspicion 
on the part of the ophthalmologist that a 
malignant melanoma might be responsible 
for the ophthalmoscopic lesion. Naturally, 
the lesions varied greatly, as did the index of 
suspicion of the ophthalmologist. For ex- 
ample, in some cases a malignant melanoma 
was strongly suspected but confirmation was 
requested because there were disturbing fea- 
tures, such as an accompanying hole in the 
retina or smallness of the lesion or youth 
of the patient (23 years), or a difference in 
opinion among consultants. At the other 
pole which malignant 
melanoma was thought unlikely but, never- 
theless, a possibility to be ruled out. In this 
group were serous detachments in which no 
hole could be found or in which transil- 
lumination was equivocal or in which the 
intraocular pressure was elevated, 

Group 2 consists of three patients, each 
of whom had a blind eye with opaque media. 
It was requested that a screening be per- 
formed over the entire eye with the probe 
counter to rule out the presence of a gross 
malignant melanoma. 

The third group is composed of three 
patients who had had a discrete elevation of 
the retina treated with diathermy and who 
were suspected, after surgery, of having a 
melanoma because of such features as a rise 
in tension or progression of the elevation. 


were cases in 


Results and Comment 
Of the 34 cases in Group 1, the test was 
positive for malignant melanoma in 17, ac- 
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cording to the criteria described above. All 
17 eyes were enucleated, and all proved by 
histological examination to contain malignant 
melanomas. Thus, in this series there were 
In the literature 
there have been occasional reports of false- 


no false-positive results. 


positive results, usually associated with in- 
flammatory lesions. We do not doubt that 
these may occur, but in our series, where 
cases were selected only by the clinical 
suspicion of melanoma, no false-positive re- 
sults occurred. It is probable that cases with 
frank inflammatory signs were recognized 
as such clinically and not referred for the 
P*-uptake test. 

The remaining 17 cases of Group 1 gave 
negative results. Of these negative cases, 
five presented lesions which were patently 
too far posterior to be reached by the probe 
counter, It was realized at the time of test- 
ing that these lesions were probably not 
accessible. In such cases, however, testing is 
still carried out, because, although negative 
results have no significance (neither ruling 
out nor detecting a malignant lesion), posi- 
tive results still provide legitimate confirma- 
Of these five cases, 
four eyes were enucleated on the basis of 
clinical findings and one case is being fol- 
lowed. Three of the four enucleated eyes 
proved to have a melanoma, while the fourth 
case was discovered to be a hemangioma of 
the choroid. Thus, of 34 consecutive dis- 
crete lesions suspected of being malignant 
melanoma, 5 were too far posterior for the 


tion of a melanoma. 


radioactive phosphorus test to be of any 
It is important that many lesions, 
especially those temporal to the macula, are 
more accessible than they might seem at 


value, 


first. Even in those cases when it is uncer- 
tain whether the lesion can be reached, a 
positive result provides definite confirmation 
and the test is worth attempting. 

The 
Group | were obtained over readily accessi 
ble false 
negative result in this group. This occurred 
the 
on clinical grounds, and the iris contained 


remaining 12 negative results in 


sites. There is one documented 


in an iris lesion; eye was enucleated 


a flat malignant melanoma. There was no 
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striking histological pattern to explain the 
failure of the tissue to retain more of the 
injected phosphorus.t The other 11 negative 
cases have been followed for periods from 
4 to 14 months, and no new clinical evidence 
of malignancy has been noted. 

The three cases in Group 2 had negative 
results, and no new evidence of malignancy 
has appeared in the follow-up period of 
eight months to one year. This type of 
screening procedure, however, is unsatis- 
factory, and we have discontinued its use. 
This screening of an opaque eye could be 
of value if a positive result was obtained, 
but, in our opinion, a negative result is 
worse than meaningless, because it may give 
a false sense of security. Despite careful 
counting over the entire exposure sclera, 
one cannot be certain that a small lesion or 
a posterior lesion is not present. 

All three of the eyes in Group 3, which 
had received diathermy from one month to 
five months prior to testing, showed ratios 
greater than 1.3:1 at the end of one hour. 
In addition, two of these cases showed no 
fall in this ratio at 24 hours, while the third 
case exhibited a small decrease in the ratio. 
In one of these cases which showed no fall 
in the 24-hour ratio, the eye was enucleated 
on clinical grounds and proved to have no 
malignancy. The two other cases have been 
followed for nine months, and no new evi- 
dence of melanoma has presented. 

Terner ' has reported similar results in 
patients treated for detachments. Thus, even 
on the basis of a few cases, the evidence 
seems clear that a positive result has no 
significance in the presence of previous 
diathermy treatment, even when the dia- 
thermy was given months before the P** 
test. It is significant in this connection that 
some workers *™ believe that an inflamma- 
tory lesion can be distinguished from a 
neoplastic one by the change of the 24-hour 


ratio as compared with the 1-hour ratio. 


t Since the measureable uptake of phosphorus, 
part a function of the 
tissue in front of the probe, it is probable that 
the very flat 


however, is in mass of 


nature of the lesion accounts, me 


chanically, for the absence of a positive result. 
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In this series we have not tested idiopathic 
inflammatory lesions, but it would seem that 
diathermy treatment sets up a_ controlled 
inflammation, and, in our limited experience 
with these eyes, the above criteria fail to 
distinguish inflammatory from malignant 
lesions. 


Summary 


The reliability of the P**-uptake test was 
studied in 40 consecutive cases of suspected 
malignant melanoma of the eye. In_ this 
series the results were as follows: 

(a) There were no false-positive uptake 
tests of 34 eyes suspected of having malig- 
nant melanomas. Seventeen showed positive 
uptakes. In all 17 the eye was enucleated, 
and all contained the lesion. 

(b) There was documented false- 
negative test. This occurred in an iris le- 
sion which proved to be a_ malignant 
melanoma on enucleation. 

(c) 
inaccessible to the probe counter and gave 
negative uptake tests which were meaning- 
less. 


(d) Positive tests are not reliable in the 


one 


Five cases had lesions which were 


presence of previous diathermy treatment. 


In our experience, the greatest clinical 
value of the radioactive-phosphorus-uptake 
test is in providing objective confirmation 
of suspected malignant melanomas. 

Dr. Ludwig von Sallmann assisted in beginning 
this study, and the Attending Physicians of the 
Institute of Ophthalmology referred these cases 
to us. 

622 W. 168th St. (32). 
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On the Existence of an Embryonic Lens Protein 


JULES FRANCOIS, M.D., and MARCEL RABAEY, M.D., Ghent, Belgium 


Since the investigations of Mérner,'* 
Krause,!! and Schaeffer and Murray" it 
has generally been accepted that in the eye 
lens of the cow there exist three water-solu- 
ble proteins, the a-8, and y-crystallins, The 
last one is found in very small concentration, 
less than 2% of the total protein (Table 1) 
and can be considered a residual protein, re- 
maining in solution after maximal precipi- 
tation of the a-and B-crystallins. 

Even if the y-crystallin is really a dis- 
tinct protein, it would hardly be disclosed by 
electrophoresis, as it only amounts to less 
than 2%, and we could omit it in this work 
from our considerations. 

As we have already shown previously 
(1953), paper electrophoresis reveals in the 
bovine lens three protein fractions existing 
in high concentrations: 1. Fraction I, the 
most rapidly moving component, cor- 
responds to a-crystallin, the purity of which 
we have ascertained in an investigation as 
yet unpublished. 2. Fraction II, which 
shows the highest concentration, is certainly 
not homogeneous (1954). 3. A third pro- 
tein also exists, in a relatively high concen- 
tration; this is Fraction III and is the 
slowest component, which remains in the 
~ Received for publication Oct. 24, 1956. 

From the Ophthalmological Clinic of the Uni- 
versity of Ghent; Director: Prof. J. Francois. 


Qualified Research Worker of the “Fonds National 
de la Recherche Scientifique” (Dr. Rabaey). 


vicinity of the starting point when a buffer 
solution of pH 8.6 is employed. 

sy numerous electrophoretic investigations 
we have been able to establish the following 
facts: 1. In the cow and in numerous other 
mammals which we have examined, Frac- 
tion III shows the highest concentration in 
the nuclear part of the lens, where, in con- 
trast, is the a-crystallin proportionally di- 
minished. 2. In the cow Fraction III is 
almost totally absent in the more external 
layers of the cortex. 3. The percentage of 
Fraction III increases gradually from the 
outer towards the central layers of the lens. 

Croisy already had suspected in 1952 the 
existence of a third protein fraction. “The 
first coloured band partly overlaps the de- 
position spot on the filter paper and shows 
maximum colouration at a point. slightly 
behind of the line of departure.” He was, 
however, cautious in his conclusions: 
“Whilst the existence of constituents 2 and 
3 can be ascertained with certainty, we have 
to make reservations as to constituent 1 
[constituents 3, 2, and 1 from Croisy are, 
respectively, Fractions I, II, and III]. In 
fact, this is represented in the electrogram 
by a coloured band which is superimposed 
on the point of deposition of the protein 
solution as a result of which its interpreta- 
tion should be cautious. The comparison 
of the electro-chromatograms obtained, with 
equilibrated levels of the containers and with 
the level of cathode raised, contributes a 


TABLE 1.—Proportions of Protein Fractions in the Bovine Lens 


Protein Fraction, % 


Albuminoid 


a-Crystallin 8-Crystallin y-Crystallin 


(Albumin) 


48.6 19.4 314 0.6 
Krause...... 12.50 31.74 53.39 1.46 
Schaeffer. 11.9 31.1 51.5 
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fact which supports the existence of this 
constituent: the raising of the cathode ves- 
sel has as a result the determination of a 
weak displacement of this first coloured band 
towards the anode; this displacement is less 
important than that of the second and third 
coloured band but is all the same very 
clear.” 

Recently Bon! could not accept the ex- 
istence of a third protein fraction. He con- 
siders it simply as a_ product of 
denaturation of the ageing a-crystallin. It is 
true that the special behavior of Fraction 
IIT can be adduced in favour of the above 
opinion. In the discussion of Stemmer- 
mann’s communication we already noted 
some of the special characteristics of this 
protein. For instance, its adsorption on 
filter paper is so strong that one can by 
this means separate it by a sort of chroma- 
tography. 

Two hypotheses can be put forward, then, 
regarding the nature of Fraction III: (a) 
It is a denaturation product of a-crystallin 


and appears, especially in the nucleus of the : 


lens, in the course of the latter’s ageing or 
(b) it is a distinct protein, formed only in 
early stages of the development of the lens. 


TABLE 2.—Protein Fractions and Nitrogen in Cattle Lens 


With a view to testing these hypotheses, 
we examined 30 lenses, not only from calfs 
and cattle of 0 to 10 years old but also 
from embryos of varying lengths ; the small- 
est embryo examined was 3.5 cm. long. 

We have classified the lenses according 
to the total amount of proteins as deter- 
mined by micro-Kjeldal analysis, in most 
cases, and, in some cases, by Biuret’s colori- 
metric method, The total water-soluble ex- 
tract of the lens, consisting of the three 
fractions in nearly equal concentration, con- 
tained 16.92 gm. of nitrogen per 100 gm. 
of dry protein. 

Our results are given in Table 2, where 
the total protein weights in milligrams and 
the percentage of the various fractions are 
given. Each figure represents the mean 
from five different electrophoreses, carried 
out by the qualitative and quantitative 
method we have previously described 
(1953). The absolute quantities in milli- 
grams of N for the three fractions of each 
lens are also given. It should be recalled 
in this connection that neither nitrogen 
dosage nor any other method measures ex- 
actly the concentration of a protein solution. 
The N content of the three protein fractions 


Percentage of Fractions 


N in Fractions, Mg. 


Total 
Age and Length Protein in ———— 
Lens, Mg. I 
Embryo 
GE 3.5 em. (Fig.1).... 42.2 
MI 6.7 cm........... Ao 33.6 
NN 7 cm.... 3.22 32.35 
N 35.0 
4.39 30.7 
9.80 28.3 
13.95 30.5 
22.49 30.3 
23.46 20.5 
28.3 28.75 
37,23 30.05 
46.80 20.1 
MAR 4mo.__... 68.85 30.0 
HE 4 mo..........- 95.74 20.6 
BER 5% mo, (Fig. 4)... 101.06 28.8 
130.61 30.2 
GU 6 mo. (Fig. 5) M78 31.4 
7 180.3 30.0 
RU 8 mo. (Pig. 6). 184.4 31.5 
RO 8 '4 mo........ 240.54 313 
Animal 
AD 3 mo. (Fig. 7). 359.3 33.95 
IN 6 mo. (Fig. 8)......-.-- 521.9 MA 
MAC 1 yr... 639.5 35.7 
FR 2 yr...- 680.8 35.5 
AN 3 yr. 768.3 M8 
BD 4 yr. (Fig. 9) 874.7 33.0 
BES 8 yr. (Fig 10). . 887.7 35.4 
FO 981.1 30.6 


II I Il Itt 
39.1 18.7 
42.85 23.55 0.0805 0.101 0.056 
43,7 23.95 0.175 0.232 0.127 
41.9 23.1 
37.25 32.05 0,221 0.260 0.231 
40.9 30.8 0.455 0.658 0.495 
38.6 30.9 0.698 0.884 0.708 
38.1 31.6 1.08 1,36 1,13 
38.6 319 1.14 1.49 1,23 
38.25 33.0 1,337 1,778 1,534 
36.6 33.35 1.84 2.24 2.04 
37.8 43.1 2.20 2.90 2.54 
38.78 31.22 3.44 4.44 3.57 
37.75 32.65 4.65 5.98 5.18 
36.2 35.0 4.76 5.98 5.77 
37.7 $2.1 6.50 8.12 6.98 
37.1 314 7.67 9.06 
39.8 30.1 
39.4 30.6 §.80 11,67 9.05 
39.75 28.75 9.68 12.20 8.82 
39.75 28.95 12.54 15.04 11.61 
42.5 23.55 19.9 24.9 13.8 
43.9 21.6 29.0 37.0 18.2 
47.1 17.2 37.1 49.0 17.9 
49.0 15.5 40.4 55.75 17.65 
473 179 418 56.8 21.5 

6 16.4 42.34 64.92 21.04 

54.1 12,2 40.8 65.5 14,7 
57.4 15.1 35.6 58.0 15.4 
54.75 16.05 45 64.7 19.0 
AD 14.5 38.8 0.6 15.4 
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Figure 2 


Figure 1 


Figure 4 


Figure 3 


Figure Figure 6 
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Figure 7 


Figure 9 


of the lens is not yet known with certainty; 
it is certain, however, that it differs only 
very little. The method is, all the 
valid, since our aim was to allow the three 
large protein fractions in relation to the 
increase of lens weight, or rather to total 


same, 


protein synthesis, i.c., to lens growth. 

We have also examined separately the 
cortical part of the nuclear region of a 
(Tables 3 and 4). As the 


separation of cortex and nucleus is very 


dozen lenses 
arbitrary, especially in the embryo, we give 
the wet weights of the examined parts in 


Francois—Rabaey 


Figure 8 


Figure 10 


relation to the total wet weight of the lens. 

For each lens we have also determined 
the percentage of water-soluble proteins 
and of albuminoid (insoluble), 
given in Table 5. 


These are 


Comment 


Our various investigations establish the 
following facts; 1. During embryonic life 
Fraction II] appears at a very high con 
centration, namely, 18% to 24% of water 
soluble protein in bovine embryos of a 
length less than 7 cm. and more than 30% 
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Tasie 3.—Comparison of Weights of Cortical Region and Total Lens 


Wet Weight 
Age of Cort 
Region, Mg 
B me (Wie. 48.49 
DA 3% mo..... 122.5 
MAR i mo 192.3 
KA 6 mo... 227.1 
JU 6 mo... 270.0 
An 
AD 3 mo. (Fig. 12).. 579.3 
ANGy 676.5 
BD yr (Pig. 13).. 741.7 
JAl 825.4 


in embryos longer than 7 cm. 2, At least 
in embryos larger than 7 cm., during the 
embryonic period up to birth, the concentra- 
tion of the various fractions remains re- 
markably constant: The three protein frac- 
tions increase simultaneously in a linear 
fashion (Fig. 17). 3. After birth the situa- 
tion changes. While Fractions I and II con- 
tinue to increase progressively, the concen- 
tration of Fraction III diminishes signi- 
ficantly so that the absolute quantity of it 
in the lens increases very little after birth 
and not at all after the age of 6 months 
(Vig. 18). 

It could be argued that this lack of in- 
crease of the soluble Fraction III is due 
to precipitation of part of it as insoluble 
albuminoid, In embryos the amount of 
albuminoid is very small (3% to 5%), but 
it remains small also for some time after 
birth. At the age of 1 year soluble protein 
accounts for 96%; at 3 years, for 92%, 
and at 4 years, for 87% of the lens total. 
rom that point on, the percentage of 
albuminoid rises markedly. But also from 
that point on it can be seen (Fig. 18) that 


We Percentage of Fractions 
105.75 314 38.1 30.2 
158.6 21.85 41.0 27.15 
278.02 31.8 38.9 29:5 
552.2 $2.2 42.2 25.6 
408 33.5 403 26.1 
1,160.6 37.5 49.5 13.0 
2.14.6 “41 52.8 a1 
2.466 45.5 52.0 2.5 
2,619.8 43.1 56.9 


Fraction | (a-crystallin) diminishes while 
Fraction II increases linearly and Fraction 
III remains practically unchanged. These 
facts allow the conclusion that the per- 
centage of albuminoid rises to a large ex- 
tent by the precipitation of the a-crystallin 
in the nuclear part of the lens. 

4. These facts are further substantiated by 
comparing the cortical and the nuclear part 
of the lens. During embryonic life the two 
parts differ only slightly in the percentages 
of their various protein fractions. After 
birth, however, only a minute quantity of 
Fraction III is synthesised in the cortical 
region, 

We may thus conclude that Fraction IIT 
is not a denaturation product of the ageing 
a-crystallin but a distinet protein which is 
synthesized, in the bovine lens at 
during embryonic life only. 

At birth the lens of the calf already con- 
tains two-thirds of the amount of [’raction 
II] found at 10 years of age, while in this 
period the total quantity of proteins in- 
creases fourfold. The lens of a 6-month-old 
calf contains as much embryonic protein 


least, 


Ta ABLE of of N N uclear ar r Region and Total Lens 


Wet Weight Wet Weight Percentage of Fractions 
Age and Length of Nuclear of Total —— “ ——— 
Region, Mg. Lens, Mg. I II Il 
Embryo 
RN 7 em, > 28.6 41.1 30.3 
BR mo. (Fig. 14) 17.85 105.75 26.35 36.75 36.9 
DA 3'y mo._... 61.6 158.6 28.3 35.9 35.8 
MAR 4'4 mo 59.0 278.02 28.3 48 36.9 
KA 6 mo.. 245.8 552.2 7.9 35.7 36.4 
JU 6mo 231.5 408 28.6 36.2 35.2 
Animal 
AD 3 mo, (Pig. 15)... 330.7 1,160.6 31.6 36.4 32.0 
AN Syr 770.5 2,164.6 32.8 30.6 2A 
BD 4 yr ig. 16)... 9113 2.466 23.6 49.5 26.9 
JA Wyr 38 2.619.8 10.4 44.1 45.4 
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Taste 5.—Percentage of Water-Soluble Proteins in Lens 


Net Weight 
of Lens, Mg. 


150 


mg protein in total lens 


Fig. 17.—Increase of the three protein fractions 
of the bovine lens in function of the total protein 
synthesis during the embryonic period. Dashed 
line, Fraction I (a-crystallin). Solid line, Frac- 
tion II, Dotted line, Fraction 
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Total Protein 
N, Mg. 


Water-Soluble 
Protein N, Mg. 


Soluble 
Protein, % 


0,239) 
(0.53) 


(97) 
(97.5) 


(0.721) 


as the lens of a 10-year-old, while the total 
amount of protein is doubled during the 
same period, 

A further proof that we are dealing with 
a distinct embryonic protein is provided by 
electrophoresis in agar, by which already in 
1955 we succeeded in isolating Fraction III 
of the nucleus, during a study of its mobili- 
ty at different pH values. This method 
shows up three large protein fractions, as 
illustrated in the case of the embryonic lens 
of a Calf BER, aged 5% months, and as 
shown also in Figure 19. Under these con- 
ditions there is no question of separation by 
adsorption on paper. 

Finally, we have found this embryonic 
protein in the human, too, as we shall 
describe in another paper. 


Conclusions 


In the bovine lens there exists a third im- 
portant water-soluble protein fraction dis- 
tinct from other proteins. 

This third fraction represents an embry- 
onic protein, the discovery of which should 
be credited to paper electrophoresis. 

2, Avenue Pasteur. 


Vol. 57, May, 1957 


j 
& 
CE Ge 
MI 6.95 0.2615 
iN 
23.2 0.743 (97) 
CH 6.28 1.658 (1.658) (97) 
: FR 69.95 2.63 2.29 97 
BR 105.75 3.805 3.57 
BT 134.78 3.97 3.85 
a MAN 138.22 4.79 (4.65) (97) 
i DA 158.6 6.30 6.12 97.5 
DI 213.76 7.92 7.08 97 
MAR 278.02 11.65 11.45 
HE 443.47 (16.2) 15.7 (97) 
BER 385.25 17.1 16,5 
: KA 52.2 22.2 21.55 97.5 
‘ 5A8.6 25.0 244 ys 
vi 5:96.65 (30.5) 20.6 (97) 
kt (666.2 41.2 30.7 
KO 798.5 40.7 10.1 
AD 1,169 60.8 58.7 97 
JN 1,530 88.3 M3 95 
MAC 1,034 108.7 104.0 
rR 2,053 115.2 113.8 
AN 2,165 130.0 120.0 92 
! BD 2,466 148.0 128.3 87 
aT 2,644 157.0 121.0 75 
s BES ; 2,532 150.2 109.0 67 
JA 2,620 148.2 118.2 80 
3 PO 2, 755 166.0 126.8 75 
mg N in 
each fraction 
4 
4 
fe 
5 
“7 
|_| 


EMBRYONIC LENS PROTEIN 


fei 
soluble 
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Fig. 18.—Increase of 
the three protein frac- 
tions of the bovine lens 
in function of the total 
protein synthesis after 
birth (marked by vertical 
line). Dashed line, Frac- Sor 
tion I  (a-crystallin). 
Solid line, Fraction II. 
Dotted line, Fraction III. 
At the top of the Figure 
is shown the curve of 
percentage of the soluble 
proteins. 
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Automatic Intensity Control in Testing Dark 
Adaptation 


RALPH D. GUNKEL, 0.D., and HANS BORNSCHEIN, M.D., Bethesda, Md. 


In clinical practice quantitative dark adap- 
tation tests are frequently avoided for sev- 
eral reasons. For example, the examination 
requires more time than the physician is 
usually able to devote to it, even if he is 
thoroughly familiar with the instrument and 
the technique. Since the test is not used 
routinely, it is difficult either to establish a 
standard procedure or to have an experi- 
enced technician available when needed. 
Furthermore, the test is of such a nature 
that much of its value is lost if standard 
procedures are not followed. 

These difficulties have been partly met 
by developing an apparatus which provides 
simplification and standardization of the 
procedures. These improvements were 
added to the standard Goldmann-Weekers 
adaptometer, which is the most commonly 
used modern adaptometer for clinical stud- 
ies. Besides other advantages, the apparatus 
includes an arrangement for uniform pre- 
adaptation and a self-recording system. The 
determination of the brightness threshold is 
made in the usual manner by progressively 
increasing the intensity of the test light until 
the subject reports that he sees it. This 
value, of course, does not represent the true 
threshold itself but a slightly higher thresh- 
old, depending on the rate at which the 
intensity had been increased, The deter- 
mination can be made more complete by 
subsequently decreasing the intensity until 
the subject reports that he no longer sees 
the light. The true threshold (correctly 
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defined as a brightness at which the test 
field is seen with a probability of 0.5) is 
presumed to lie somewhere between the 
“threshold of appearance” and the “thresh- 
old of disappearance,” determined in the 
manner described above. Usually the mean 
of both values is regarded as the brightness 
threshold. To have comparable probabilities 
of seeing, the rate of increasing and decreas- 
ing the intensity should be a uniform one 
constant ) This is obviously im- 
possible when the intensity is manipu- 
lated by hand and by different persons. 

The present study deals with the design 
of a simple automatic device operating the 
intensity control of the Goldmann-Weekers 
adaptometer. The automatization not only 
provides a better standardization of the test 
but also reduces the time required of the 
examiner. In fact, by this method the test 
can be done as accurately and reliably by 
a nurse or technician as by the physician 


himself. 


Principle of the Automatic Method 


The method utilizes a technique devised 
by Bekesy* for human audiometry and is 
similar to a method used by Ratliff and 
Blough* in behavioral studies of visual 
processes in pigeons. The intensity of re- 
peated light flashes is increased automati- 
cally until perception occurs. At this 
moment the subject presses a switch, causing 
an automatically continuous decrease of the 
intensity. When perception is completely 
lost the subject has to switch back to 
increasing intensity, and so on, The bright- 
ness of the test patch is recorded continu- 
ously by an ink-writer. The result is a 
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curve oscillating above and below the thresh- 
old, 


Apparatus and Procedure 


ligure 1 shows the Goldmann-Weekers 
adaptometer with the modifications intro- 
duced in this paper. The original intensity 
control knob has been replaced by a gear 
which engages an idler gear which in turn 
engages a larger gear on the shaft of a 
1 rpm Bodine motor. A spring clutch whose 
tension can be adjusted by means of a 
knurled nut prevents damage to the motor 
or mechanism in case the intensity is per- 
mitted to run against either stop. A toggle 
switch directly below the motor permits it 
to be turned off or on independently of other 
operations. 
chosen which 
changes intensity at the approximate rate 
of 1.5 logarithmic units per minute. Since 
the interruptor provided in the adaptometer 
gives a light-dark ratio of 1:1 with a fre- 
quency of 0.5 per second, the intensity 
difference between any two 
flashes will be 0.05 log units. 

A toggle switch with an extended handle 
for easy operation is installed in a con- 
venient location for the subject’s right hand. 
To make it easier for him to remember, 
raising the switch raises the intensity of 


gear ratio been 


consecutive 
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the instrument. 


Fig. 1.—Photographs of 


the flashing light and lowering the switch 
lowers the intensity. 

In place of the original stylus, which 
marked the paper by perforation, a tubular 
pen has been installed, with a small reser- 
voir for ink. Light spring tension holds it 
against the drum, giving continuous record- 
ing of the intensity level, 

In cases where the conventional nonauto- 
matic operation is desired, the clutch knob 
is loosened, permitting the intensity knob 
to be easily turned by hand. The pen is 
retracted from the drum and replaced by a 
stylus which perforates the paper when the 
examiner wishes. 

Before any testing of the brightness 
threshold, or the series which comprises the 
dark adaptation curve, it is necessary that 
the subject be well informed as to his role 
as a participant, the objectives, and the 
procedure for the test. Furthermore, a short 
practice period (without preadaptation) will 
be found helpful. By way of demonstration, 
the subject is asked to observe the small 
red fixation light and the test patch and 
notice that the latter can be made to appear 
or disappear by either hand or mechanical 
manipulation of the intensity control. The 
subject is easily convinced that the point 
of appearance is different from the point of 
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disappearance and that it will require his 
undivided attention and his best judgment to 
decide the times of each. He quickly learns 
to respond automatically by lowering the 
switch the moment he sees the flashing test 
patch and raising the switch the moment 
that ity disappears. 

To approximate a standard condition of 
preadaptation, the subject is asked to sit for 
10 minutes with his chin in place on the pad 
of the instrument, his eyes open, the dia- 
phragm slide closed, and both bulbs lighted. 
This gives a uniform illumination of about 
420 millilamberts inside the integrating 
sphere. During this preadaptation time a 
new chart can be placed on the drum, the 
test light calibrated, the pen set in position, 
and the clutch knob tightened. At the end 
of the 10 minutes the diaphragm slide is 
opened, the room lights and preadaptation 
lights are turned off, and the intensity con- 
trol motor is turned on. The subject should 
already have his hand on the reversing 
switch and be instructed to look only at 
the fixation light. As soon as he sees any 
flashing of the test spot he is to press the 
switch down, which will cause the intensity 
to gradually decrease. As soon as the last 
bit of flashing disappears, he raises the 
switch, which causes the intensity to rise 
gradually until he again sees flashing, at 
which time he again lowers the switch. This 
cycle is repeated constantly for the entire 
period of the test, which is usually 30 
minutes, 

The performance of a subject can be 
checked in progress by observing the illu- 
minated scale below the light meter. If 
any gross deviations or errors are noticed, 
the subject can be alerted or advised. If 
the condition of a patient is such that he 
becomes too fatigued or confused from 
watching the fixation light so steadily, the 
motor may be turned off for about one- 
minute rest periods every two to five min- 
utes. During these rest periods when the 
motor is off the pen will trace easily recog- 
nizable flat spaces, or plateaus in the other- 
wise regularly spiked curve. However, it 
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should not be turned off during the first 
8 or 10 minutes of the test, since this first 
part is important for observing the rapid 
changes incident to the rod-cone break. 

If only a measure of the final threshold is 
desired, and not the complete curve, it can 
be determined with some saving in time. 
In this case preadaptation is unnecessary, 
but the subject should be instructed as be- 
fore and dark-adapted for at least 15 min- 
utes. Intensity should be set at about the 
third logarithmic scale for starting, and if 
the subject does not see the flashing light 
it should be increased by turning the knob 
manually. Beginning with the switch down, 
so that the intensity is decreasing, the test 
is carried on for about five minutes. If at 
the end of that time there is no definite 
downward trend in the curve, this value can 
be accepted as the approximate threshold. 
Figure 2 shows sample curves. 


Statistical Comparison of Conventional 
and Automatic Methods 


The results obtained with automatic op- 
eration were compared with the data result- 
ing from the conventional nonautomatic 
operation. Subjects were six normal con- 
trols and six patients with disturbances of 
dark adaptation (retinitis pigmentosa, dia- 
betic retinopathy, high myopia, liver dis- 
ease), 

Special precautions were taken with 
respect to the design of the experiment to 
avoid bias which may be caused by increas- 
ing experience of the subject. In every 
subject two automatic and two nonautomatic 
determinations were made. Two tests (sep- 
arated by an interval of one hour) were 
executed at the first session (A); the other 
two tests were given after a pause of one 
week (B). The combination of tests was 
varied in the following manner: 

(1) A, nonautomatic—automatic; B, reversed 

sequence 

(2) A, automatic—nonautomatic; B, reversed 

sequence 

(3) A, both nonautomatic; B, both automatic 

(4) A, both automatic; B, both nonautomatic 
The two nonautomatic tests in every subject 
were conducted independently by two differ- 
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10MIN. 420 mL 10 15 25 30 
UGHT ADAPT. TIME IN DARK — MINUTES 


Fig. 2—Dark adaptation curves recorded with automatic intensity control. J. W., 
normal; H. P., hemochromatosis; J. D., retinitis pigmentosa. 
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TasBLe 1.—Comparison of Results with Automatic 
and Nonautomatic Methods for Twelve Subjects 


Minutes of Mean Threshold Difference 
rk (Autom. minus Nonautom.), Pt 
Adaptation Log Units 
5 —0.016 + 0.024* >0.5 
12 +0.015 + 0.033* >0.5 
30 +0.194 + 0.035* <0.001 


* Standard error of difference 


t Prepresents the probability of this difference occurring by 
chance. 


ent examiners, neither having seen the re- 
sults of the other. 

With both types of examination the same 
test conditions were observed: 10 minutes 
of preadaptation with 420 millilamberts, test 
patch 11 degrees in diameter with its center 
11 degrees below a small red fixation light, 
and intermittent presentation using the ro- 
tating sector. Before every test, an explana- 
tion of the procedure was given to the 
subject, followed by a few minutes of prac- 
tical training without defined preadaptation. 

With the conventional nonautomatic 
method the threshold of both appearance 
and disappearance were determined by the 
examiner every minute during the first 10 
minutes in the darkness and every 2% 
minutes during the following 20 minutes. 
The “threshold” curve was drawn through 
the points representing the logarithmic 
means of the thresholds of appearance and 
disappearance. With the automatic method, 
the subject was allowed to control the in- 
tensity by the automatic switching circuit in 
the manner described before. As in the 
nonautomatic tests, the threshold curve was 
recorded for the first 30 minutes of dark 
adaptation. In a manner analogous to that 
of the conventional method, “threshold” was 
defined as the logarithmic mean between the 
upper and lower limits of the oscillation 


curve. 


TABLE 2.—Comparison of Results with Standard Procedure and 
Procedure Modified by Rest Periods * 


As is well known, the dark adaptation 
curve is composed of two different segments 
(“cone” segment and “rod” segment) sepa- 
rated by a more or less distinct break after 
6 to 10 minutes. The curves obtained with 
the two different methods were statistically 
compared at the following characteristic 
points: (1) 5 minutes (cone segment) ; (2) 
12 minutes (early part of rod segment) ; 
(3) 30 minutes (late part of rod segment). 
As shown in Table 1, a statistically signifi- 
cant difference was evident only for the late 
part of the rod segment (30 minutes of dark 
adaptation), where the threshold with the 
automatic technique was definitely higher 
than the threshold determined by the con- 
ventional technique. 

One possible cause for this discrepancy 
is the fatigue due to the sustained attention 
required in continuous recording. Another 
factor to be considered is a change of the 
adaptation state due to the effect of the test 
stimulus, since with automatic testing about 
half of the 900 test stimuli delivered during 
the 30 minutes of dark adaptation are of 
suprathreshold intensity. However, they 
are just barely above the threshold. The 
problem was investigated in more detail 
with a well-trained subject. The variation 
of the final threshold resulting from modi- 
fying the procedure is shown in Table 2. 
With use of the automatic technique, the 
light stimulus was switched off after 15 
minutes of dark adaptation and then pre- 
sented after 20, 25, and 30 minutes for 1% 
minutes at a time. With such dark pauses 
or rest periods, the final threshold was mark- 
edly reduced. However, the threshold failed 
to decrease if during the periods mentioned 
above the test stimuli were kept at a con- 


Automatic 


Nonautomatic 
a With Rest Periods With Rest Periods Continuous 
Condit.) Light Off Light On Light Off Light On 
(Stand. Condit.) 
3.65 0.061 3.38 3.75 3.31 0.061 3.60 3.00 


* Threshold Values in log micromicrolamberts. 
¢ Standard error (three determinations). 
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stant intensity just above the threshold 
value (determined just before) with the 
subject resting and paying no attention to 
the light. With corresponding modifications 
of the nonautomatic method analogous re- 
sults were obtained. The results suggest 
that the difference in the final thresholds is 
caused by adaptation effects of the test light 
rather than by fatigue. Consequently, it 
should be possible to reduce this difference 
by shortening the duration of the light 
flashes. However, except in comparing di- 
rectly the results obtained by different 
methods, a small but systematic threshold 
increase of about 0.2 log units is a negligible 
factor in clinical application of the tech- 
nique, 


Comments and Conclusions 


In practical use the automatic method of 
threshold determination as adapted to the 
Goldmann-Weekers instrument has shown 
some advantages compared with the conven- 
tional technique. The automatic control of 
intensity provides better standardization of 
the test. Furthermore, the dark adaptation 
curves continuously recorded in this way 
show considerably more detail. Above all, 
the “break” can be determined more exactly, 
which may be of interest in certain patho- 
logical cases in which a delay is character- 
istic. The width of the 


oscillation curve 
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represents additional information with re- 
spect to reliability. 

Previous fears that the technique would 
involve too much effort for the patient have 
not been confirmed. With one exception, 
every subject preferred the automatic meth- 
od to the nonautomatic one. Nevertheless, 
the possibility remains that with extremely 
passive patients some difficulties may arise, 
manifested by marked irregularities of the 
recorded curve. In such cases the conven- 
tional technique, with its element of personal 
supervision by the examiner, may give better 
results. It is made available simply by 
switching off the automatic intensity control. 

In almost every case, the automatic meth- 
od makes possible the recording of a reliable 
dark adaptation curve by a nurse or tech- 
nician even in the absence of the examining 
physician. Consequently, dark adaptation 
tests are clinically applicable in more cases 
than have hitherto been possible. 

National Institute of Neurological Diseases and 
Blindness. 
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Modification of the Friedenwald-Kinsey Formula of 


Intraocular Pressure 


JULIUS KESSLER, M.D., New York 


The formula of the intraocular pressure 
proposed by Friedenwald and Kinsey is the 
following: 

IOP=k (Cap P+-OPsq—OP 
where 

Rin 
Rint Rout 
The values Aj, and Rout are the effectiveness 
with which the osmotic and hydrostatic 
forces are converted into intraocular pres- 
sure.! The pressure of the episcleral veins 
has to be considered in outflow only, but 
not in expressing the intraocular pressure 
itself.? 

It seems that the effectiveness with which 
the osmotic and hydrostatic forces are con- 


k== 


verted into intraocular pressure is based 
upon their influence on inflow and outflow, 
The formula of the intraocular pressure can 
be regarded as derived from an equation of 
inflow and outflow, where kj, and Roy are 
coefficients of flow. The terms ki, and Rout 
are the volumes of water transferred within 
one minute by a pressure of 1 mm. Hg 
through the barrier or 
through the ways of outflow, respectively. 
In an equation of inflow and outflow the 
episcleral venous pressure should be con- 
sidered, 


blood-aqueous 


In steady state the inflow is equal to the 
outflow : 

(Cap P+OP IOP) k LOP—VP) kone 
Derived from this equation, the intraocular 
pressure is 

JOP=(Cap P+OPaqg—OP k+-VP(1—k) 

As seen in this modification of the for- 
mula of Friedenwald and Kinsey by intro- 
duction of the episcleral venous pressure, 
the intraocular pressure consists of two 
parts, the second part, VP(1—), being in 


~ Received for publication Nov. 15, 1956. 


the normal eye almost as high as the epi- 
scleral venous pressure. More than half 
of the normal intraocular pressure seems 
to be due to the episcleral venous pressure. 

As seen from this equation, changes of 
Rout, Rin, Cap P, and OPag— OP», will pro- 
duce greater changes of intraocular pressure 
in eyes with high tension than in normal 
eyes. Reduction of OP,q-OP», to half its 
value will reduce the first part of the intra- 
ocular pressure to about half its value, and 
that would mean in a normal eye with an 
intraocular pressure of 16 mm. Hg a reduc- 
tion by about 3 mm. Hg, that is, by about 
one-fifth of its value, while in an eye with 
an intraocular pressure of 50 mm. Hg it 
would mean a reduction by about 20 mm. 
Hg, that is, almost by half its value, Ac- 
cording to the original formula of Frieden- 
wald and Kinsey, a reduction by about half 
its value would be expected also in the nor- 
mal eye, in contradiction to experience, 

The episcleral venous pressure acts like 
a valve at the outflow, keeping the intra- 
ocular pressure above a basic value of about 
10 mm. Hg. According to the modified 
equation, the intraocular pressure in the 
normal eye will change by about the same 
value as the episcleral venous pressure does, 
since 1—k is only slightly different from 
1 in the normal eye. 

For most of the factors of the equation 
there are measurements or estimations of 
the average normal values. The average 
normal k, can be estimated from these 
values to be about 0.15. This value permits 
an estimation of the value of the normal 
average fluid exchange: 

D. P.) kin 
H,O D. P. is the active diffusional pressure 
of water, Friedenwald considered the whole 
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diffusional pressure of water of nearly 
1,000,000 mm. Hg as active in the transfer 
of water.' The value of the fluid exchange 
by this pressure would be beyond reasonable 
expectance and in no relation with experi- 
mental findings. Other factors are consid- 
ered to explain the discrepancy. A pressure 
near 1,000,000 mm. Hg would be necessary 
to keep the water molecules in the volume 
they fill, if they were free as in a gas. 
Actually, the atmospheric pressure is suffi- 
cient a force to keep the molecules of fluid 
water in the volume they fill, the rest of the 
diffusional force of the water molecules be- 
ing balanced by the forces of attraction of 
the molecular dipoles. The active diffusional 
pressure of water, H,O D.P., is equal to 
the atmospheric pressure, and a force of this 
size only is active in driving water through 
a membrane. OPp,+1OP+H,0 D. P. be- 
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ing about 6000 mm. Hg, the normal average 
volume of exchange fluid would be about 
90 cu. mm. per minute. Actually, the size 
of this volume could be changed by other 
The value is in good agreement 
with the values found by experiment. 


factors. 


Summary 


An alteration of the formula of the 
intraocular pressure of Friedenwald and 
Kinsey is suggested and discussed. 

229 E. 79th St. (21). 
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EDMUND B. SPAETH, M.D., Philadelphia 


A discussion of malignancy of the lacrimal 
sac is disregarded almost entirely in text- 
books on pathology, regardless of whether 
these be on general pathology or related 
wholly to ophthalmic pathology. One such 
textbook states: “Carcinoma of the tear sac 
is rarely primary, usually secondary, in- 
filtrative from the paranasal sinus, and may 
also appear as adenocarcinoma.” In con- 
tradistinction, | have never found a certain 
secondary carcinoma ; all were primary, and 
none arose from the nasal accessory sinuses. 
the lacrimal sac to the 
sinuses is the common sequence, never the 
opposite, One can hardly consider a case 
to be malignancy of the lacrimal sac when 


Extension from 


this is a part of tremendous orbital and 
periorbital extension, originating elsewhere. 

If it were not for Duke-Elder’s! con- 
sideration of this subject, one might think 
the condition rare. I have had, up to this 
present moment, seven cases of malignancy 
of the lacrimal sac. Two of these were of 
the squamous-cell type; the remainder, of 
the basal-cell type of malignancy. At this 
time, two of these patients are known to 
have died, as the result of the malignancy. 
Two have disappeared ; that is, all track has 
been lost of them, though it was known that 
they had had a recovery, in each instance, 
of two years. One case, also with a two- 
year recovery, is now under active treat- 
ment for the plastic defect connected with 
the surgery necessary for the excision of 
the malignancy. 
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Carcinomas in the Region of the Lacrimal Sac 


First, a comment as to the cytology of 
this malignancy, for it is variable, The 
tumor cells may be of a squamous- or of a 
basal-cell type ; a cylindrical-cell epithelioma 
was described by one author; another au- 
thor had one case of a transitional-cell type, 
and three adenocarcinomata have been re- 
ported. The only certainty relative to this 
is that the type of malignant cell cannot be 
known before the operation. 

Stock *# described, in addition to cysts of 
the lacrimal sac, fibroma, carcinoma, sar- 
coma, lymphoma, and plasmoma. 

The manner in which the lacrimal sac 
becomes involved is not certain. One must 
consider the possibility of a papilloma as 
the precursor of the malignancy. Papil- 
lomata are not rare. Many cases have been 
reported, and the tendency which papil- 
lomata have to change into malignant lesions 
is well known.* Hildén stated that cell 
metaplasia is outstanding in significance or 
etiology in malignancy of the lacrimal sac 
in this relationship to papilloma. It is also 
known that this changeover may be delayed 
for a very long time. Dupuy-Dutemps * 
reported one case in which malignant de- 
generation occurred 25 years after its 
recognition (the relationship is assumed). 

The second possibility as to etiology is the 
possibility of extension of epithelial-cell 
malignancy from the conjunctiva through 
one or both of the canaliculae and inevitably 
the involvement of the mucosa of the sac 
itself. If this does occur, one can hardly 
speak of such a case as a primary malig- 
nancy of the sac itself. Two of the three 
cases to be presented here may be con- 
cerned with this possibility. One case, when 
first had involvement of the con- 
junctiva of the inner canthal angle, exten- 
sion of this en to the lid surface, and 
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extension of the malignancy across the 
epithelial surface of the inner canthal angle 
into the prelacrimal region, on to the side 
of the bridge of the nose, and penetrating 
into the lacrimal fossa, involving the entire 
membranous lacrimal sac (Fig. 1). The 
patient stated, however, that prior to the 
external ulceration present at the time of 
his first visit there had been a hard lump 
in the lacrimal region for some time, at 
least for a number of months. It is im- 
possible to say whether this malignancy 
arose externally and penetrated subsequently 
or whether the primary origin was in the 
sac proper and extended externally. 

The second case related to this etiological 
possibility was first referred for surgery 
because of a prelacrimal fistula. This case 
also had an involvement, by extension, into 
the canaliculae, because the reoperation nec- 
essary showed a recurrence within the 
inferior canaliculus and the tissues of the 
lid at the inner canthal angle. A_ likely 
course of events in this case was that the 
involvement was primary in the mucosa of 
the sac, an extension through to the surface 
was the cause of the fistula, and the secon- 
dary operation was necessary because of the 
incomplete removal of malignancy at the 
time of the primary surgery, this being 
present, however, at that time. 

The third etiological possibility is that a 
chronic dacryocystitis of long standing 
might be the “precursor,” as Duke-Elder 
words it. Rollet® felt this was probable, 
and Schweig® and, even earlier, Dalén? 
described carcinomata arising within the 
remains of a sac following dacryocystec- 
tomy. In both of these instances cited, the 
dacryocystitis present might have been a 
secondary infection, an accompaniment of 
the malignancy, and the appearance of the 
malignancy might have resulted not from 
incomplete sac extirpation and carcinom- 
atous degeneration of the remains of the 
sac but from primary malignancy of the sac 
with subsequent secondary purulent dacryo- 
cystitis—the cystectomy having failed to 
remove all of the carcinomatous involve- 
ment, 
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Regardless of the exact basic situations 
present, it is possible that many of these 
cases had had, earlier in their course, epiph- 
ora, a palpable mass, and, subsequently, 
ulceration and that early in their course 
these cases were thought to be dacryocystitis. 

In Rollet’s three cases of malignancy of 
the lacrimal sac, only one of which was a 
carcinoma, he described that case as having 
had a soft neoplastic enlargement of the 
lacrimal sac, with epiphora and with a 
suppurative discharge. 

Dalén, in discussing his case, stated “One 
can believe with certainty that the carcinoma 
did not arise from the mucous membrane 
of the sac but from the residuals of the 
lacrimal sac left following incomplete extir- 
pation; the malignancy was resected from 
deep within the dacryocystectomy scar ; that 
the superficial layers of skin overlying the 
scar were dragged into the scar; that the 
carcinomatous metaplasia occurred at this 
place.” 

There is no doubt whatsoever that malig- 
nancy occurs as a result of chronic irrita- 
tion. There are many instances through the 
entire field of oncology to prove this con- 
clusively. There is some doubt, however, 
whether a bacterial suppurative process, no 
matter how long this may be present, ever 
results in malignant metaplasia. It almost 
seems as if a primary suppurative process 
protects against malignancy of those tissues 
involved, Surgical clinicians other than 
ophthalmologists have also thought this to 
be a likelihood. 

The complications which have appeared 
in my cases included incomplete removal, 
confirmed histologically, making further 
immediate extensive surgery imperative ; 
recurrences into the lower lid, making re- 
operation necessary, though at a later date, 
several months after the primary operation ; 
involvement of the bony lacrimal fossa with 
extension into the nose, the ethmoid sinus, 
the maxillary sinus, and the orbit. 

The cause of death in the two cases 
known to have terminated fatally was con- 
tinued extension and penetration intracra- 
nially. 
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It is proper to mention at this point two 
cases of extensive orbital evisceration, to 
refute a statement, made earlier herein, as 
to etiology. Soft tissue and bone removal— 
including the lacrimal sac, the lacrimal fossa, 
and the entire ethmoid sinus—was made 
obligatory because of extension of malig- 
nancy into the orbit from epithelioma which 
had first appeared in the soft tissues of the 
lower lid. In one of these cases the exten- 
sion of the malignancy continued downward 
along the bony lacrimal-nasal canal, pos- 
terior to the sac, and into the orbit, but 
the malignancy did not enter into the sac 
itself. The postoperative dissection of both 
the blocks of tissue exenterated showed fail- 
ure to penetrate into the sac. 

Spratt ** called attention to adenopathy 
in the submaxillary lymph nodes. I have 
seen preauricular and superficial cervical 
adenopathy, but involvement of the sub- 
maxillary lymph rare, though 
submaxillary lymph node extensions have 
been seen repeatedly in adenocarcinoma of 
both upper and lower lids. 

Some of the comments which Spratt made 
in his analysis of 16 cases from the litera- 
ture are rather interesting. The following 
are significant: “Since the diagnosis of the 
malignant nature was made in only one 
case . prior to operation, removal was 
incomplete and recurrence was the rule.” 


nodes is 


.. . the onset is insidious, with . . . symp- 
toms no different from those of an ordinary 
cystic condition of the lacrimal sac.” “A 
tumor gives rise to epiphora owing to 
pressure of the thickened wall of the lacri- 
mal sac. Pressure on the sac causes little 
or no regurgitation, and the duct is patent 
Fig. 1.—Left, patient at the time of admission. 


Right, following primary radical surgery. Recur- 
rence at lip of wound 


Fig. 2.- radical 


Condition 
Complete, permanent recovery. 


following surgery. 


on irrigation and on probing.” “In the third, 
or final, stage, rapid 
growth ... of the preauricular and the max- 
illary lymph glands, the growth presents 
little difficulty in diagnosis.” 


characterized — by 


Report of Cases 


Case 1.—A man, aged 70 (Fig. 1), was 
referred because of a very evident epithe- 
lioma at the inner canthal angle of the 
right eye, with a fistula from the lacrimal 
sac into the nose along the lacrimal-nasal 
duct. The surgery done was an immediate 
evisceration of the orbit, with removal of 
the medial wall of the orbit, including the 
area of the lacrimal-nasal duct, the lacrimal 
fossa, and the ethmoid bone. The patient 
made an uneventful recovery from the sur- 
gery. The diagnosis was a basal-cell carci- 
noma. This surgery was followed by x-ray 
therapy thought to be adequate in dosage 
and in extent of application. A year later 
there was a recurrence of malignancy in 
the medial edge of the site originally oper- 
ated on. One can see this in the second 
photograph of Figure 1. This malignancy 
had penetrated into the surgical defect on 
its medial wall, into the roof of the orbit, 
and very likely intracranially. The patient 
was given further extensive x-ray therapy 
to a maximum amount. The malignancy 
continued to advance, however, and the pa- 
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tient is known to have died several months 
later. 

Case 2.—-A woman was 54 years old at 
the time of her first visit. The patient had 
an obstructive suppurative dacryocystitis, 
with a hard indurated mass in the lacrimal 
area. A dacryocystectomy showed malig- 
nancy, of the squamous-cell type. The sur- 
gery was followed by x-ray therapy. There 
was a recurrence a year later. The second 
surgical procedure was an orbital eviscera- 
tion, with complete removal of the bony 
lacrimal-nasal duct into the nose. The ex- 
enteration included also the lacrimal fossa 
and a goodly portion of the ethmoid. Figure 
2 illustrates the surgical appearance. Fur- 
ther x-ray therapy followed this surgery. 
The patient has, at the present time, re- 
mained cured for a period longer than five 
years. Her plastic defect is minimized by 
a prosthesis (Fig. 3). 

Case 3.—A young man, aged 38, was 
referred with a diagnosis of chronic suppu- 
rative dacryocystitis with a fistula. In this 
instance the diagnosis of carcinoma was 
made preoperatively from the history of the 
case and from the gross appearance. The 


immediate surgery done was a radical extir- 
pation of the prelacrimal region, including 
the inner half of the upper and the lower 
lids and the bony lacrimal fossa. The lac- 
rimal-nasal duct was opened along its entire 
length and resected. The area was grafted 


flat with a skin graft, razor cut. At the 
same time, a tarsorrhaphy was done of the 
remaining portions of the upper and lower 
lids to protect the cornea from exposure. 
A year later, prior to the correction of the 
plastic defect, a small rough area was dis- 


Fig. 3.—Patient wearing her prosthesis, 
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kig. 4.—Atter primary resection of malignancy, 
primary grafting, tarsorrhaphy of remaining 
structures of lids. 
covered along the edge, anterior and me- 
dially, at the junction of the graft and 
original skin. This was resected and ex- 
amined histologically. No further malig- 
nancy was found. 

The first attempt to correct the plastic 
defect was unsuccessful. This consisted of 
the burial of a mucous membrane graft into 
the forehead for subsequent use as a mucous 
membrane epithelial flap. This flap was 
moved into a correcting position and sutured 
into the surgical defect. There was an 
extensive slough, however, along the medial 
margin of the flap. It was necessary to 
return this flap to the forehead and to re- 
move and discard the mucous membrane. 
The scarring seen on the forehead in lig- 
ure 4 is the result of that abortive attempt. 
Figure 4 also shows the surgical defect and 
the results of the skin grafting. A year later 
a second attempt was started for the cor- 
rection of the plastic defect. The patient 
was circumcised (by a urologist), and a 
portion of the mucous membrane obtained 
was grafted flat beneath the skin overlying 
the maxilla so that it would form the pos- 
terior surface of a pedicle flap to be raised 
later. This second step was done two weeks 
after the first stage. Figure 5 shows this in 
position. Figure 6 is the present appearance. 
Further plastic surgery is necessary and 
will be done shortly, This will be relatively 
minor compared to that which has been 
carried out up to the present time. 
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head scar referred to in text. 


The remaining four cases seen were not 
unlike these described. One of the deaths 
(known deaths) was similar to the second 
case seen; in this instance the death followed 
a third operation, a second recurrence—a 
total time interval from first operation to 
death of three years. The remaining three 
cases not presented in detail were all of 
lesser primary involvement; one had what 
was considered to be a recurrence at the 
edge of the initial extirpation scar, but the 
histological examination of the tissue re- 
moved did not confirm that, and, as stated 
earlier, only two of these cases are known to 
be permanently cured. 


Conclusions 


The etiology, as regards the source of the 
malignancy, is in doubt; there may be a 
primary onset, within the mucosa of the sac 
itself, and a second, an extension from the 
conjunctiva. The course of this condition, 
on the basis of my cases and illustrated by 
three patients described in some detail, sug- 
gests the following essentials in the treat- 
ment: 

1. Early diagnosis. 

2. Extensive primary surgery, including 
removal of the prelacrimal region, the inner 
canthal angle of the lids, and the bony and 
membranous lacrimal-nasal canal. 

3. One of the most important parts of 
this surgery is that the lacrimal-nasal duct 
be opened in its entire length so that is can 
be inspected and resected, as is necessary. 


Spaeth 


Fig. 5—Pedicle flap from face, posterior sur- 
face lined with prepuce mucous membrane. Fore- 


Fig. 6.—Side view of scar from pedicle flap. 
Visual acuity with correction 6/7.5. 


4. If there is a recurrence, secondary 
surgery must be a complete evisceration of 
the orbital contents and of all contiguous 
areas possibly involved. Careful histologic 
examinations are necessary to check upon 
and assure the thoroughness of this surgical 
extirpation. 

5. The plastic surgical correction should 
not be done until such time has elapsed that 
one may be certain that further recurrences 
will not appear, 

6, X-ray therapy is a necessary adjunct 
for proper treatment. 

The principles connected with the plastic 
correction are not new, these being well 
known and well established. The high inci- 
dence of mortality in these cases seems to 
indicate that bold surgery is necessary if a 
recovery is to be obtained. 


1930 Chestnut St. (3). 
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Orbital Metastasis of Renal Carcinoma 


Cc. &. VAN ARNAM, M.D., and MAX FINE, M.D., San Francisco 


The appearance of metastatic carcinoma 
in the orbit from a remote source is of such 
unusual occurrence as to excite special in- 
terest. Reports of metastases from adeno- 
carcinoma of the kidney parenchyma have 
been particularly infrequent. One case to 
be presented represents a common manifes- 
tation of metastatic disease in the orbit by 
its invasions from the sinus with functional 
loss of the eye. The second case represents 
an unusual manifestation by its appearance 
in the skin on the orbital margin. 

Renal carcinoma is known by a variety 
of names: hypernephroma, carcinoma, 
adenocarcinoma of the parenchyma, Grawitz 
tumor, and clear-cell carcinoma. Its curious 
characteristics and fickle natural history 
account for this varied nomenclature and 
the continued confusion in the literature 
over its origin and identification. It may be 
either slowly or rapidly growing. It is lo- 
cally invasive and characteristically metasta- 
sizes via the blood stream because of its 
tendency to invade the veins of the kidney 
pedicle. By this route tumors of varying 
size may shower the body with metastatic 
emboli. A distant lesion may herald the 
presence of a silent carcinoma of the kidney 
of large size and unknown duration. Mul- 
tiple secondary lesions are common, occur- 
ing at intervals, varying from months to 
years, after the primary tumor has been 
removed.’ Widely scattered minute foci in 
the lungs have been noted, in which no 
activity could be demonstrated.* 
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Why metastases appear late or not at all 
when the body is showered with tumor cells 
remains a mystery. Multiple tumor emboli 
do not necessarily mean multiple metastatic 
foci. Removal of a solitary primary tumor, 
even when detected by a distant metastasis, 
has increased a life span.® 

Case 1.—A rancher was 59 years old 
when admitted for the first time to the Oak- 
land Veterans Administration Hospital, in 
August, 1953, with a complaint of bleeding 
from the right side of the nose and dimin- 
ished visual acuity in the right eye. Four 
such episodes of bleeding had occurred in 
the previous eight months. Visual symp- 
toms had been present six months. 

Past history revealed a complaint of gross 
hematuria and right-sided abdominal pain 
in April, 1948. A complete urinary tract 
investigation in another hospital had failed 
to reveal the cause. In December, 1949, 
twenty-one months after the first symptoms, 
he was again admitted to the same hospital 
because of recurrent gross painless hema- 
turia. Pyelograms demonstrated elongation 


Fig. 1 (Case 1).—Photograph of the patient 
taken in March, 1955, after the second course of 
x-ray therapy. Here is shown the tumor mass 
encroaching on the right orbit from the medial 
side, displacing the globe downward and laterally. 
Loss of function of the eye is apparent. 
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and deformity of three minor calices in the 
midportion of the right kidney characteristic 
of a space-occupying lesion. <A_ right 
nephrectomy was performed in January, 
1950. A 4 cm. tumor with an intact capsule 
was found in the midanterior surface of 
the kidney. There were no palpable nodes 
in the area of the pedicle. Diagnosis was 
adenocarcinoma of the kidney, primary 
(Figs. 3 and 4). 

On the patient’s admission to the Oakland 
Veterans Administration Hospital in 1953, 
nasal bleeding had persisted for two weeks 
after biopsy of the right middle turbinate 
in a search for the cause of his recurrent 
epistaxis. The vision in the right eye was 
hand motion; in the left eye, 20/20. The 
right eye was impaired in its upward and 
medial rotations. Exophthalmometer reading 
was 18 mm. on the right and 15 mm. on 
the left. A large dense central scotoma was 
present in the right eye. The fundi showed 
early senile degenerative changes in the 
macula of the right eye, with clear media 


Fig. 2 (Case 1).—The 
upper two frames are 
views of the right and 
left orbits taken in Sep- 
tember, 1953, after ad- 
mission to the Veterans 
Hospital. By comparison 
they show involvement of 
the right ethmoid sinus 
only. The air cells of the 
left ethmoid are well de- 
fined. Their absence on 
the right is shown by the 
homogenous density of 
the medial wall of the 
right orbit. Invasion of 
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and moderate arteriosclerotic retinopathy in 
both eyes. Skull films revealed destruction 
of the ethmoid cells on the right (Fig. 2), 
clouding of the sphenoid sinus, and erosion 
of the base of the skull, involving the lesser 
wing of the sphenoid bone. A diagnosis of 
neoplasm of the right ethmoid sinus with 
pansinusitis on the right was made. One 
month after admission proptosis had ad- 
vanced from 3 mm, to 9 mm, 

In December, 1953, exenteration of the 
right ethmoid sinus was carried out by 
external approach to the ethmoid area with 
a curvilinear incision parallel to the brow. 
When the periosteum over the lamina 
papyracea was reflected, there was exposed 
a 2 by 2 cm. mass, bluish-brown, which rup- 
tured into the orbit. Frozen sections re- 
vealed only inflammatory tissue. A partial 
excision of the mass was effected, and a 
second biopsy specimen was taken, in which 
adenocarcinoma of the kidney was reported 
(Figs. 5 and 6). 


wh 
the bony orbit is con- 
firmed by the loss of 


continuity of structures 
of the orbit superiorly. 
The left optic foramen 
is visible; it is obscured 
on the right. The lower 
frame is a basal view of 
the skull taken 18 months 
later. It shows bilateral 
involvement of the eth- 
moid region by the loss 
of radiolucency in the 
midline, where the eth- 
moid air cells would 
normally contribute a 
rarefaction. 
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Fig. 3 (Case 1).—Photomicrograph of the 
original tumor removed with the right kidney in 
January, 1950, showing the characteristic pattern 
of clear cells distributed in sheets and cords with 
a tendency to simulate tubule formation. The 
vascularity of the tumor is confirmed by the 
presence of blood residues throughout the spaces 
in the tumor section, This same appearance is also 
interpreted as cells arranged about venous sinuses. 
Keduced from mag. X 21. 


Fig. 5 (Case 1).—Specimen taken from the or- 


bit. There are solid alveoli of clear cells consisting 


of a mass of tube-like structures filled with a 
coagulum of proteinaceous material. There are 
also visible some spicules of bone and epithelial 
elements from the sinus from which it was taken. 
Reduced from mag. 21. 


Fig. 4 (Case 1).—High-power view of the sec- 
tion shown in Figure 3, showing the loose structure 
composed of foam cells and the attempt at tubule 
formation. Blood residues are evident, some within 
tubules. Reduced from mag. X 110. 


Fig. 6 (Case 1).—Higher magnification of the 
specimen of Figure 5, showing the large size of 
the cells lining the tubules. The cytoplasm is 
remarkably clear and without structural detail. 
The nuclei are small and usually arranged against 
the basement membrane. Reduced from mag 
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A bone survey following this surgery 
revealed an osteolytic lesion of the inferior 
portion of the left obturator ring. In view 
of this second metastatic locus, radical sinus 
surgery was deferred in favor of x-ray 
irradiation. Accordingly, the patient re- 
ceived 3000 r over a four-week period 
through right orbital and left nasal ports. 

During the next year he was hospitalized 
three times to receive supportive treatment 
for profuse hemorrhage from the nose. In 
February, 1955, he was again admitted for 
palliative x-ray therapy, receiving 4000 r 
in the same region. Vision in the right 
eye was reduced to light perception. Sec- 
ondary optic atrophy was evident. The eye 
was markedly proptosed and displaced lat- 
erally and inferiorly (Fig. 1). A mass was 
visible in the right nasal passage and the 
nasopharynx. The anterior portion of the 
mass was visibly pulsatile. 

The patient was again admitted to the 
hospital in July, 1955, for control of bleed- 
ing. In the next four months he suffered 
five such episodes of bleeding from the nose 
requiring dramatic efforts to control, in- 
cluding blood transfusion and ligation of 
the right external carotid artery. On Dee. 
6 a second external ethmoidectomy was 
elected by the same route in a further at- 
tempt to control hemorrhage. The tumor 
was found to have invaded the opposite 
ethmoid, the sphenoid sinus, and the cribri- 
form plate to the anterior fossa. At the base 
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of the skull a communication with the 
cranial cavity was found through which 
an instrument could be passed. The greater 
mass of the tumor was removed from the 
nose in pieces. The patient died on the 
12th postoperative day, At autopsy metas- 
tases were found in the left kidney, adren- 
als, liver, and skull. No involvement of 
the lungs was demonstrated. 

Comment.—There are few recorded cases 
of renal carcinoma metastastic to the para- 
nasal sinuses. Biendara summarized 12 
cases from the literature dating from 1905 
to 1951. 

The usual presenting symptoms are nasal 
bleeding and obstruction of the nasal pas- 
sage causing difficult breathing. Occasion- 
ally a swelling on the face arises by 
extension from the sinuses, A mass is often 
visible in the nose, and a presumptive diag- 
nosis of polyp is made. Severe symptoms 
can result from even small tumors. Symp- 
toms of a single metastatic focus may pre- 
cede knowledge of the primary tumor. 
Pulsation of the mass in the nasal cavity 
has been a common finding. 

Invasion of the orbit occurs when the 
slowly growing tumors extend from the 
neighboring sinuses. Damage to the eye 
follows. 

In many cases therapy is palliative when 
there is widespread involvement. Treatment 
has included x-ray, radium, attempts at sur- 
gical excision, and ligation of the external 


Fig. 7 (Case 2).— 
Frontal view of the pa- 
tient, demonstrating the 
clinically obtrusive lesion 
and showing its position 
in the eyebrow. Its isola- 
tion in the skin is sug- 
gested by the protrusion 
and ‘the stalk-like con- 
figuration. 
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carotid arteries for control of recurrent 
hemorrhage. Local excision may effect a 
cure when the tumor is discovered early and 
found to be well isolated. Surgery by the 
external approach is advised because of the 
better visibility and ease of controlling 
bleeding which it affords. In the cases 
reported the over-all result was dismal. 

Case 2.—-A 72-year-old retired farm la- 
borer was admitted to the San Francisco 
Veterans Administration Hospital in Au- 
gust, 1955, with a complaint of chronic pain 
in the low back radiating into the hips. Past 
history revealed that he had been admitted 
to another hospital in 1947 with a complaint 
of hematuria of five months’ duration. He 
subsequently underwent an operation for 
a mass in the left side of the abdomen, A 
tumor involving the greater portion of the 
left kidney was discovered, necessitating 
extirpation of that organ, The tumor, a 
carcinoma of the kidney parenchyma, was 
presumed eradicated (Figs. 9 and 10). Re- 
covery was uneventful, 

The patient was admitted yearly to the 
same hospital for follow-up care, excepting 
the years 1950 and 1952. X-rays of the 
chest and abdomen taken on each admission 
were negative for local recurrence or evi- 
dence of metastatic spread until November, 
1954, seven years after the primary tumor 
had been removed. At this time a coin- 
shaped lesion was revealed in the lower 
lobe of the left lung. Demineralization of 
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Fig. 
Side view of the lesion, 
showing the degree to 
which it projects for- 
ward. The character of 
the surface of the tumor 
is demonstrated well. 


(Case 2).— 


thoracic and lumbar vertebrae was also 


noted. 

X-rays taken on admission to the Vet- 
erans Hospital verified the spinal lesions to 
have advanced and the lesion in the lung 
to have increased in size from 14 mm. to 
27 mm. The patient was seen in the eye 


Fig. 9 (Case 2).—Photomicrograph of the 
primary tumor removed with the left kidney in 
1947. This slide shows the most frequent micro- 
scopic picture of carcinoma of the kidney. The 
characteristic pattern of clear cells arranged in 
sheets and cords is well demonstrated. Reduced 
from mag. 110. 
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Fig. 10 (Case 2).—High-power view of the 
section shown in Figure 9. The clear structure 
is largely due to hydropic change in the cytoplasm 
and to a lesser degree to the accumulation of fat. 
It is not a degenerative process, since it occurs 
in areas well supplied with blood and is not re- 
lated to necrosis. Reduced from mag. X 400 


clinic on referral from the medical service 
with a complaint of poor vision and diffi- 
culty in wearing his glasses due to the 
obstruction presented by a tumor on the 


Fig. 11 (Case 2) 
A longitudinal section of R 
the lesion excised from 
the brow, demonstrating 
the subcutaneous tissue to 
be free of tumor. The 
vascularity of the tumor 
is notable. Reduced 
slightly from mag. & 5 
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right eyebrow. The patient stated that the 
tumor had developed suddenly from a small 
papule in the eyebrow and had been present 
only four months. It had gradually in- 
creased to its present dimensions of 9 by 15 
mm, (Figs. 7 and 8). There had been no 
pain. He had never been fitted with glasses 
for an aphakic right eye. The vision of 
this eye could be corrected to 20/25. Vision 
in the left eye was reduced to 20/60, owing 
to an immature senile cataract. The re- 
mainder of the eye examination was nega- 
tive except for the growth on the right 
eyebrow, The tumor arose from the sur- 
rounding area as though it had mushroomed 
through the skin. There was minimal in- 
crease in vascularity in the skin at its base. 
The tumor pulsated when the skin at the 
base was put under tension, indicating a 
large subcutaneous arterial supply. It was 
moderately firm, freely movable with the 
skin and nontender. The color was bluish- 
red; the surface, irregular, and it resembled 
a hemangioma. A diagnosis of metastatic 
kidney tumor or hemangioma was made, 
The tumor was excised without difficulty. 
On section of the gross specimen, the cut 
surface was pale yellow and firm. The ap- 
parent vascular nature was not evident until 
tissue sections were made (Figs. 11, 12, 


13). 
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Fig. 12 (Case 2).— 
A low-power view of the 
metastatic lesion. The 
presence of large amounts 
of blood within the 
tubule formation as dem- 
onstrated here supports 


the contention of some 
writers that the tumor 
may arise from vascular 
elements. The view gen- 
erally held is that the 
tumor has its origin from 
tubular elements of the 
parenchyma. Reduced 
slightly from mag. X 21. 


Comment,—Cutaneous and subcutaneous 
manifestations of kidney carcinoma do not 
always appear the same. They may simulate 
lymphoma,? a sebaceous cyst, adenopathy, 
or a hemangioma. Malignant nodules under 
or in the skin are characteristically firm or 
hard, discrete, and at first freely movable 
in relation to the deep fascia. They often 
appear suddenly and grow rapidly for a 
time, rarely exceeding 3 to 4 cm. in diam- 
eter, before their growth becomes arrested. 
While they are small, the skin overlying 


~them remains normal in color and often free 
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from attachment to the malignant tissue. In 
time it may become fixed and then begin to 
change color to violet, purplish-red, or 
bluish-tinged, and finally, though rarely, 
ulceration may occur. Unless the nodules 
become ulcerated they do not give rise to 
pain and are not tender to the touch. As- 
sociated inflammatory reaction seldom oc- 
curs.® 

The deposition of cutaneous nodules is 
usually about the ventral surface of the 


Fig. 13 (Case 2).— 
High-power view of the 
metastatic lesion, show- 
ing the pattern of clear 
cells which repeats itself 
with monotonous regular- 
ity. The nuclei are small 
and arranged against the 
basement membrane. The 
tubules are supported by 
a delicate reticulum of 
fibrous connective tissue. 
The nuclei do not show 
the expected characteris- 
tics of malignancy. Re- 
duced slightly from mag. 
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chest and abdomen.*"* The head is frequent- 
ly involved. The sporadic appearance of 
cutaneous metastases, singly or in large 
numbers up to 20 or more, confirms the 
hematogenous route of spread, without 
doubt.2 This route of spread suggests a 
plausible explanation for the frequent oc- 
currence of metastases about the face and 
head. It does not explain how widely 
disseminated can manifest them- 
selves and leave the lungs unaffected. These 
cutaneous deposits are amenable to surgery, 
and their true nature may thus be deter- 
mined, 


lesions 


Summary 


Two cases of renal carcinoma metastatic 
to the orbit are presented. In each instance 
the secondary lesion appeared at a long 
interval after the presumed eradication of 
the primary tumor. In the first case carci- 
noma was found in the remaining kidney 
at autopsy. This was either a primary lesion 
or represented a seeding from the original 
tumor, and it may have been the origin of 
the secondary lesion in the sinus. The find- 
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ing of inactive foci in the lungs, as re- 
ported elsewhere,* suggests that the same 
condition may exist with respect to deposits 
in the skin, 


The unpredictable natural history of this 
tumor permits optimism in the treatment of 
both the primary and the metastatic lesions. 


655 Sutter St. (2). 
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On the Accommodative Convergence and the 


Proximal Convergence 


KENNETH N. OGLE, Ph.D., and THEODORE G. MARTENS, M.D., Rochester, Minn. 


The roles played by the accommodation- 
convergence synkinesis and by the proximal 
influences in the total convergence of the 
eyes required for a given viewing distance 
may be factors to be considered clinically. 
They may be important in the prescribing 
of refractive corrections, in the understand- 
ing of asthenopic symptoms from hetero- 
phorias, and in the more general problem 
of accommodative strabismus. 

Asher * expressed the belief that the sub- 
ject’s conscious estimate of the position of 
an object plays as important a role as does 
the accommodative convergence. Further- 
more, he found evidence that the proximal 
factor predominates in patients with asthe- 
nopia and also affects the results obtained 
in accommodative squint with positive 
In a similar vein, Guzzinati? found 
that the proximity factor affects and often 
determines convergence and, particularly, is 
reduced nearly one-half in persons showing 
a convergence insufficiency. 

The two common methods for estimating 
the change in convergence due to a change 
in the stimulus to accommodation utilize 
phoria measurements, while stimulation to 
fusional convergence is prevented, In Fig- 
ure 1, the diagram on the left illustrates, 
for a subject who is esophoric, the fusion- 
free convergence of the eyes for a distant 
object indicated by A» prism diopters ( Ao 
taken positive when the fusion-free con- 
vergence relative to the fixation point is 
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Distant test Near test 


Fig. 1.—Diagrams showing geometric relation- 
ships of the visual axes of the eyes with esophoria 
at distant and near vision, 


esophoric, negative when it is exophoric). 
The angle Ag is the actual angle of con- 
vergence under these conditions for a dis- 
tant object. 

In the right-hand diagram, the object of 
regard, the stimulus to accommodation, is 
at a near visual distance. The convergence 
that would be demanded if both eyes were 
to fixate the object would be the angle yp. 
This angle, in prism diopters, would be 
equal to the interocular separation (2a), in 
centimeters, multiplied by the dioptric value 
(meter angle) of the distance of the object 
from the eyes. When fusion is prevented 
by a Maddox rod, only one eye can respond 
to the stimulus to accommodation as pro- 
vided by the object at the near distance (D 
diopters). Suppose the lateral phoria for 
this near distance is measured to be A, 
prism diopters, again in the direction of an 
esophoria. Then the eyes are actually point- 
ing in an overconverged position from the 
one normally demanded by the near object, 
if both eyes were used. 
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ACCOMMODATIVE AND PROXIMAL CONVERGENCE 


The actual change in the fusion-free con- 
vergence which would result from the 
change in the stimulus distance of the test 
object from distant to near vision would be 
ynt+ Ay,— Ao. The change in this conver- 
gence for each diopter of increased nearness 
of the test object would be 

HA,—AY/P 
Suppose, for example, that at distant vision 
(considered infinite) the phoria is Ao= 
+2 (esophoria) and that, at a near distance 
of, say, 50 em. (D=2 diopters), the phoria 
is A,=—4* (exophoria). If the inter- 
ocular separation (2a) is 6.4 cm., then the 
change in convergence due to change in 
nearness of the test object would be 

The second usual method for estimating 
the change in convergence due to a change 
in the stimulus to accommodation involves, 
first, the measure of the lateral phoria at a 
near visual distance, A, prism diopters. 
Then, ophthalmic spheres of dioptric power 
D diopters are placed before the eyes to 
change the stimulus to accommodation, and 
the phoria, A,’ prism diopters, is now 
measured. The ratio of the change of 
phoria caused by the change in stimulus to 
accommodation of 1 D. would be 

(2) 
For example, suppose that the normal near 
phoria is measured to be A,=—4* (exo- 
phoria), and with —2.00 D. lenses before 
the eyes, which increase (+) the stimulus 
to accommodation, the near phoria now 
measures A,=+1* (esophoria); then the 
change per diopter would be 

(1+4) /2=2.54/D. 

Now the computed values for Rg and R,, 
obtained from phorias carefully determined 
by these two methods, are not commonly 
the same. Generally the ratio, Rg, found 
when the test object is moved from distant 
to a near observation distance, is larger 
than that, X,, found when the test object is 
at a fixed near distance and lenses are used 
to change the stimulus to accommodation. 
Actual change in the stimulus to accommo- 
dation in the two methods may be identical. 
One is forced to assume, therefore, that 
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something has been added to the pure ac- 
commodative convergence effect, when the 
test object is moved from distant to the 
near observation distance, that is not present 
when the observation distance is kept con- 
stant. The difference in the two ratios is, 
therefore, attributed to a convergence initi- 
ated by the psychic “awareness of distance” 
—and this factor is usually called a “proxi- 
mal” convergence. It is clear, therefore, 
that only the second method, in which the 
change in convergence is measured at a 
fixed observation distance with a change in 
stimulus to accommodation produced by 
spheres, gives the true accommodative con- 
vergence-accommodation, the (A-C)/A, 
ratio. The denominator of this fraction 
actually indicates the change in the stimulus 
to accommodation. 

Ittelson and Ames * presented data indi- 
cating that the accommodation tended to 
change with the apparent distance of famil- 
iar objects, even as influenced by a change 
in their angular size, though the actual dis- 
tance remained the same. The authors 
concluded also that there was change in 
convergence, but this change was held* to 
be due to the accompanying accommodative 
convergence. However, Hofstetter® inde- 
pendently presented data which did suggest 
that a convergence change as well as an 
accommodative influence might arise from 
the sense of proximity alone. Thus there 
is precedent for the use of the term “proxi- 
mal factors” for the factors to which the 
difference between the ratios obtained by the 
two methods can be attributed. 

In any ocular measurements such as those 
of phoria, the variability of the phorias 
must be taken into account as well as the 
instrumental precision in the actual meas- 
urements. The computed values of the 
accommodative convergence and of the 
proximal convergence obtained will accord- 
ingly be affected. This variability may per- 
tain to long-term changes, on the basis of 
a fundamental stability of the associations 
[and, so far as the (A-C)/A ratio is con- 
cerned, there is evidence for such a sta- 
bility®], or to those moment-to-moment 
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changes which seem to occur in all physio- 
logical processes. In this instance it may 
very well depend also on ocular motor 
stresses just preceding the test as well as 
on the completeness of the psycho-optical 
reflexes associated with fixation and with 
attention. Single phoria measurements, 
then, may not yield representative results, 
and it is desirable for accuracy to have a 
series of measurements over rather wide 
ranges, for then the individual variations 
may be ironed out or their effect may be 
reduced through the smoothing process of 
fitting a curve to the data. 

The distributions both of the accom- 
modative convergence-accommodation ratio 
[(A-C)/A] and more especially of the 
proximal convergence-distance ratio [(P- 
C)/A] have not been adequately presented 
in the literature. The purpose of this paper 
is to describe data bearing on this problem, 
obtained (1) by the two phoria methods 
just described and (2) by the method of 
fixation disparity. 


Heterophoria Methods 


The lateral phorias were measured with 
a Maddox rod before the left eye in an 
experimental arrangement illustrated in 
Figure 2. The subject’s head was held by 
a suitable headrest and chin-cup. Directly 
in front of the left eye, at a distance of 
440 cm. (0.22 D.), a small 3-volt lamp was 
attached to a wall in contact with a printed 
chart. This lamp served as the “muscle” 
light for distant vision. In line with this 
lamp and the left eye was set up a cast-iron 
optical bench. On this a rider, which sup- 
ported a small cystoscope lamp, could be 
placed at any distance from 1 meter to 14 
em. before the left eye. Mounted directly 
behind the cystoscope lamp and in contact 
with it was a small card of print which 
was used to increase the stimulus to accom- 
modation. 

Mounted directly before the left eye was 
a Maddox rod. Thus the left eye would 
always vertical streak of light. 
Mounted in front of the Maddox rod was 


see a 
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Light target 
at 440cm. 


Meter 
stick] 


Rider with 
light and 
print 


| 
| 
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Fig. 2.—Scheme of apparatus used for making 
lateral phoria measurements at different observa- 
tion distances. 


a calibrated rotary prism. The right eye 
was free so far as possible from any in- 
strumental parts in its fixation of the test 
chart and light. For the distant-vision meas- 
urements the rider was removed from the 
optical bench. For the tests with the cysto- 
scope light kept at the near observation 
distance of 40 cm., an ophthalmic lens 
holder could be mounted and centered be- 
fore the right eye. The end of the meter 
stick, attached to the track, by which the 
position of the rider could be adjusted for 
a desired observation distance, could be 
brought directly below the pole of the 
cornea of the left eye by means of a suit- 
able sighting device. Thus, the distance of 
the target could be accurately located before 
the eyes, 

The measurements were made by an as- 
sistant, who adjusted the rotary prism. 
During a given test the left eye was oc- 
cluded most of the time and only momen- 
tarily allowed to see the Maddox streak. 
Following this short exposure, of about 
one-half second, the subject reported 
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whether the streak appeared to the right 
or left or centered with the light. The 
phoria was measured by a method of limits, 
that is, the prismatic deviations within 
which the subject reported that the Maddox 
streak appeared to coincide with the light. 
The average prismatic deviation was deter- 
mined from three separate measurements. 
The prismatic deviation was read from the 
rotary prism to within 0.5A, 

The fusion-free position of the eyes, the 
phoria, was measured, first, when the ob- 
servation distance was changed in (diopter) 
steps from 440 cm. (0.22 D.) to a maxi- 
mum of 14 cm. (7.0 D.). Second, the 
phorias were determined with the “muscle” 
light set for 40 cm. for a sequence of plus 
and minus ophthalmic spheres of increasing 
power, in 0.5 D. steps, until either the sub- 
ject complained of excessive blurring of the 
image or the measurements became erratic. 

Twenty-eight subjects, mostly in the age 
range of 19 to 39 years, were used for this 
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Data: C.K. 


part of the study. Only one subject was 
older than 39 years. For the most part 
these subjects were laboratory technicians ; 
a few were young resident physicians. The 
majority had normal vision without correc- 
tion, and no subject was tested while wear- 
ing spectacles. The interocular separation 
was measured for each subject by means of 
a millimeter rule, which was sufficiently 
accurate for this study. 

Certain corrections have to be made in 
the data obtained. In the first place, the 
true prismatic deviation caused by the ro- 
tary prism is less than that indicated, when 
used for near observation distances. This 
correction can be determined from the well- 
known formula that the true prismatic devi- 
ation, A,, is equal to the deviation indicated 
on the scale, A,, divided by the quantity 
(1—h/p), in which h is the distance of the 
prism from the center of rotation of the eye 
and p is the observation distance measured 
from the same point, The calculations for 


Stimulus to accommodation - diopters 
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Interocular sep.* 63cm. 


Fig. 3.—Graphic representation of phoria data of one subject, showing the typical linear 
relationship between phoria and stimulus to accommodation. 
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Fig. 4.—Graphic representation of phoria data of one subject, showing the departure from 
linearity of the phoria with stimulus to accommodation when plus spheres are used with a 


near test distance. 


the correction for prismatic deviation for 
all object distances were also checked by 
actual measurement made with a suitable 
telescopic device. A second correction must 
also be made to obtain the correct dioptric 
value for the stimulus to accommodation 
when lenses are used for the near observa- 
tion distances. The distance of the image 
of the test object from the eye for the lenses 
used was easily calculated from the usual 
lens formulas. The third correction involves 
the calculation of the distance of the test 
target from the right eye. 

Typical results of the two types of re- 
sponse of the 28 subjects are illustrated in 
Figures 3 and 4. In these, the dioptric 
value of the observation distance (reciprocal 
of that distance measured in meters from 
the first principal plane of the right eye) 
or the stimulus to accommodation is plotted 
as the abscissa. The corrected Maddox-rod 
prismatic deviation, in prism diopters, is 
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plotted as the ordinate—esophoria (posi- 
tive) above the origin and exophoria (nega- 
tive) below the origin. The open circles 
indicate the phoria measurements in that 
part of the study in which the observation 
distance is changed. The solid circles indi- 
cate those measurements, obtained for the 
fixed observation distance of 40 cm., when 
plus and minus spheres were placed before 
the right eye to increase or decrease thie 
stimulus to accommodation. 

An inspection of these Figures shows the 
following: 1. The phoria occurring with 
changes in observation distance (open cir- 
cles) appears to be adequately described 
by a straight line throughout the whole 
range. The variations in individual meas- 
urements about this line are to be expected. 
2. The phoria occurring with changes in the 
stimulus to accommodation (lenses) for a 
fixed observation distance (solid circles) 
tends also to follow a linear relationship. 
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For about one-half of the subjects, however, 
the phorias measured departed from this 
linearity when the plus lenses of increasing 
power were used (in the direction of de- 
crease in stimulus to accommodation). In- 
stead, the phorias leveled off, as the example 
in Figure 4 shows. For the subjects whose 
curves were of this latter type, the eyes 
increasingly fail to respond to the change 
in stimulus produced by plus lenses with a 
fixed object at near. These data, therefore, 
would suggest that, in determining the 
accommodative convergence-accommodation 
ratio, minus spheres, to increase the stim- 
ulus to accommodation, on the whole will 
yield more reliable results than plus spheres. 

The slope of the line that describes a 
given set of data corresponds to the change 
in phoria produced by a change of 1 D. 
stimulus to accommodation. For the con- 
stant observation distance, with the change 
in the stimulus to accommodation produced 
by the power lenses, this slope, S,, is equiva- 
lent to the pure* accommodative conver- 
gence-accommodation ratio [R,=(A-C)/A]. 
For the data of the two subjects illustrated 
in Figures 3 and 4, the (A-C)/A ratios 


are 2.7A and 5.2A per diopter of change 
in stimulus to accommodation, respectively. 


Alpern? has already shown that the 

*The change in apparent distance of the fixed 
test target in the near vision tests described earlier 
in this paper, which might be associated with the 
magnification of the retinal image caused by the 
plus and minus ophthalmic spheres, by virtue of 
the size constancy phenomenon, would hardly 
introduce a proximal factor in those near measure- 
ments. The magnification would be of the order 
of 1.5% to 2.0% per diopter power, which cor- 
respondingly would introduce a change in ap- 
parent distance of only about 0.05 D. per diopter 


of lens power. 


(A-C)/A ratio determined in this manner 
is independent of testing distance. 

The slope, Sq, that describes the phoria 
with change in observation distance (for 
the two subjects, —2.2A and —1.9A per 
diopter of change in observation distance, 
respectively) involves the sum of both the 
accommodative convergence [(A-C)/A 
ratio] and the proximal convergence 
[P-C)/A ratio]. For shorthand purposes, 
let uw=the proximal convergence-distance 
ratio; v=the accommodative convergence- 
accommodation ratio; Sqg=the slope of the 
phoria-distance data line (open circles), 
and S,=the slope of the phoria-stimulus to 
accommodation data line (solid circles). 
Then, from Equations (1) and (2) above 

R.=v=S. 
whence the proximal convergence factor 
would be 

u=(2a)+Sa—Se (3) 
For the two subjects illustrated in Figures 
3 and 4, the proximal convergence factor, u, 
would be u=6.3—2.2—2.7=1.44/D. and 
u=5.8—1.9—5,2=—1.34/D., respectively. 
The fact that for one of these two subjects 
the proximal convergence is negative is 
noteworthy. Four (14%) of the twenty- 
eight subjects showed a negative value for 
the proximal convergence, 

The summary of the results for the 28 
subjects is given in Table 1. 


Fixation-Disparity Method 


This method rests on the fact that if a 
muscular imbalance exists, even in normal 
binocular observation, the eyes will fail to 
converge accurately at the point of fixation 
by a small angle, overconverging in eso- 


Taste 1.—Results of the Phoria Tests ta Determine the Accommodative 


Convergence and Proximal Convergence (Twenty-Eight Subjects) 


Accommodative 
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i 28 
age 

i 
Proximal Inter- 
Convergence- Convergence - ocular 8um Ap. 
Accommodation Accommodation Distance r. 
() (u) (2a) (u+) 
3.6 A/D 0.9A/D 6.4 em, 44 A/D 
Standard deviation... .. 1.254/D 0.94/D 26 
1.8 to 7.4 0 2.9 5.7072 230077 
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phoria, underconverging in exophoria.** 
This angular error in convergence, which 
is very small and can be measured only in 
minutes of arc, is called the “fixation dis- 
parity.” Its existence means that the images 
of the fixation point and of all other points 
in the frontoparallel plane are transversely 
disparate: These images from the two eyes 
cortically have “slipped” within the limits 
set by Panum’s areas of fusion. The mag- 
nitude of the disparity depends on the 
amount of detail in the pattern observed, the 
magnitude of the heterophoria, and the 
prism vergence limits. There are also indi- 
vidual variations, probably depending on 
the strength of the compulsion for fusion 
reflex and smoothness of general binocular 
coordination. More detailed description of 
the instrumentation and treatment of data 


to determine the accommodative conver- 
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gence-accommodation ratio may be found 

The fixation disparity is determined for 
distant vision (2.5 meters) and for near 
vision (33 cm.) when accommodation and 
convergence are disassociated by forcing a 
change in the convergence with prisms base- 
in and base-out. At near vision, in addition 
to the prisms, this disassociation is forced 
by introducing ophthalmic spheres before 
the eyes. Typical data are illustrated by the 
graphs in Figures 5A and B and 6A and B. 
From the two sets of data obtained at the 
near observation distance (prisms and 
lenses), a quantitative relationship for the 
accommodation and convergence association 
can be derived (Figs. 5C and 6C). 

The slope of the derived line is the ac- 
commodative convergence-accommodation 
ratio [S,=(A-C)/A] in prism diopters 
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Fig. 5.—Typical graphic representation of 


fixation-disparity data for distant and near vision, 


A, curve for disassociated accommodation and convergence by prisms. B, curve for the disasso- 
ciation produced by power lenses, C, derived data showing relationship between the equivalent 


prismatic deviation and stimulus to accommodation. 
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per diopter change in the stimulus to accom- 
modation over the range of response. The 
following discussion should make clear that 
the ratio of the change in prism vergence 
that produces the same disparity (ocular 
motor imbalance) as does a given change 
in stimulus to accommodation is the same 
as that ratio [the (A-C)/A ratio] de- 
termined by phoria methods. Suppose a 
given subject is orthophoric for a given ob- 
servation distance. If, now, 1 D. minus 
ophthalmic spheres are placed before the 
eyes, the stimulus to accommodation is in- 
creased. Through the accommodation or 
convergence synkinesis there is an accom- 
panying innervation for a convergence, 
and an ocular motor imbalance exists 
when fusion maintained. If fusion 
is interrupted by occluding one eye (by a 
Maddox rod, say), an esophoria will be 
measured, say, 3.54. The eyes will be ac- 
tually overconverged by 3.5A, and we say 
that this phoria is the measure of the im- 


is 
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Fig. 6.—Same as in Figure 5, for another type of subject. 


-2 -3 
Minus 


lenses 


balance to be overcome when fusion is ob- 
tained. That is, a divergent fusional 
movement of 3.54 must occur when fusion 
is regained on removing the Maddox rod. 
The ratio of 3.5/1A per diopter is the 
(A-C)/A ratio. Thus, if we then remove 
the minus lenses, we can introduce the 
same ocular motor imbalance by forcing the 
same divergent fusional movement as a re- 
sult of putting 3.5A base-in prisms before 
the eyes. The fixation-disparity technique 
provides a method of determining what 
forced prismatic deviation will produce the 
same change in motor imbalance as does a 
given change in stimulus to accommodation. 
Hence we would find that a forced prism 
divergence (3.54) would produce the same 
esodisparity as did the —1 spheres before 
the eyes. Thus the (A-C)/A ratio would 
be 3.5/1A per diopter of change in stimu- 
lus to accommodation, 

The fixation-disparity technique has the 
advantage over the phoria methods in that 
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Taste 2.—Summary of Results for the Accommodative Convergence and Proximal 
Convergence Obtained from Fixation-Disparity Measurements (104 Subjects) 


Proximal 
Convergence- 
Accommodation 
u) 


Accommodative 
Convergence- 
Accommodation 

(u+?) (v) 


4.9A/D 
1,.854/D 


Sum 
Mean 3.39A/D 
1.19A/D 
1.0 to 7.0 


1.52A4/D 
1,624/D 
—3.0 to +6.0 


Standard deviation.._.. 


Range.__. 


each eye has the same visual task at all 
times and the same stimulus to accommoda- 
tion and that fusion of the images is main- 
tained. From the series of data points the 
smoothed curve tends to eliminate the small 
erratic variations that occur in natural 
binocular coordination, as well as errors of 
measurement. 

Now, the slope of the derived data line 
(Figs. 5C and 6C) gives directly the 
(A-C)/A ratio—the v used in the previous 
section. From the distant and near prism- 
fixation disparity data one can interpolate 
on the curves to find those prism vergences 
for which the disparity, and therefore the 
motor imbalance, is zero, These prism 
vergences would correspond to the fusion- 
free position of the eyes—the equivalent 
phoria measured from the convergence de- 
manded by the test targets. Thus, if Ao is 
the equivalent phoria for distant vision and 
A, is that for near, the slope Sy, which 
is the sum of the accommodative conver- 
gence and the proximal convergence per 
each diopter change in observation distance, 
would be found from Equation (1), One 
can then find the proximal factor by sub- 
tracting the (A-C)/A ratio, found from 
the siope S, of the line that describes the 
derived data. 

For the subject whose data are graphed 
in Figure 5, Ag=0.0°; A,=—5.5° (ex- 
ophoria); interocular distance (2a) =6.3 
cm., and thus the (A-C)/A ratio=v= 
1.9/D. The sum of the accommodative 
convergence and the proximal conver- 
gence, ut+v,=6.3+ (—5.5—0)/(3.0—0.25) 
=4,34/D. The proximal convergence fac- 
tor, u,=4.3—1.9=2.44/D. 

For the subject whose data are graphed 
in Figure 6, Ao=+8*  (esophoria) ; 
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1.0 to 11,0 


Ay»=+5* (esophoria); interocular dis- 
tance (2a)=6.4 cm., and the (A-C)/A 
ratio=v=3.2°/D. The sum of the accom- 
modative convergence and the proximal 
convergence, 

u+v,=6.4+ (5—8)/(3.0—0.25) =5.34/D. 
The proximal convergence factor, u,=5.3— 
3.2=2.1°/D. 

With use of the experimental setup for 
obtaining the fixation-disparity measure- 
ments, where the subject looks through the 
usual phorometer and sees an approximately 
12-degree visual field, 104 subjects ranging 
in age from 14 to 72 years were tested. For 
the most part these subjects were patients at 
the Mayo Clinic who had registered with 
the Section of Ophthalmology. Therefore 
they may not be entirely representative of 
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Fig. 7.—The distribution curves for the (A-C)/A 
ratios and proximal convergence ratios for 104 
subjects studied by the fixation-disparity technique. 
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the general population. The method just 
outlined was used to determine the accom- 
modative convergence and the proximal con- 
vergence factors on all 104 subjects. The 
results are summarized in Table 2. 

The statistical distributions of the results 
are illustrated in Figure 7. From the calcu- 
lated values of the mean and of the standard 
deviation, normal curves were computed, and 
these are shown superimposed on the block 
distribution diagram. The (A-C)/A distri- 
bution is generally believed not to be a 
normal one. In this study no ratios were 
found less than 1.04/D. The distribution 
of the proximal convergence ratios appears 
for practical purposes to be fairly normal 
about the mean of 1.52A per diopter change 
in visual distance. The range of the proxi- 
mal convergence ratios is greater than that 
of the (A-C)/A ratios. 


Comment 


The mean (A-C)/A ratios obtained by the 
two tests and the two groups of subjects 
are very nearly the same, and their standard 
deviations are practically identical. The 
mean also is similar to that which has been 
reported in the literature, although the di- 
rect comparison of results is difficult be- 
cause of the differences in the methods of 
measurement and because in most studies 
correction factors frequently have not been 
applied. There are reasons for believing 


that the accommodation-convergence _rela- 
tionship, as quantitatively expressed in the 
(A-C)/A ratio, is a fairly stable associa- 
tion. 


We do not have data showing long- 
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TABLE 3.—Comparative Statistics from the Heterophoria and Fixation-Disparity Tests 


term trends in the association.* Certainly 
there are day-to-day variations, probably 
about a fairly stable mean. It appears not 
to be easily susceptible to alteration by or- 
thoptic training. Cycloplegic drugs do 
dramatically increase the ratio,’ but myotic 
drugs appear to have little influence.” 

In this study the difference is to be noted 
between the means and their standard de- 
viations for the proximal convergence fac- 
tor («) obtained by the Maddox rod phoria 
test (0.9, 7=0.9) and by the fixation-dis- 
parity method (1.52, o=1.62). It is diffi- 
cult to know how significant is this 
difference. The standard error in both sets 
of measurements is about the same, namely, 
0.18. The difference (0.62°/D) is barely 
greater than twice the standard error of 
the combined groups (0.24), which by 
some is the criterion of significance. Even 
at that, the difference is little more than 
0.5A. For a reading distance of 33 cm. the 
difference between the two results corre- 
sponds to about 1.75A, which certainly 
would be measurable. 

Granting that this difference is clinically 
significant, how can we account for it, and 
what is its meaning with regard to the proxi- 
mal convergence factor? To be considered 
are the differences in the experimental situ- 
ations under which the data were obtained. 
These differences can be best seen from 
Table 3. 

Because the (A-C)/A ratios found are 
so nearly the same, it is possible that the 
difference in the number of subjects and 
the difference in population groups do not 


(A-C)/A ratio (»),A/D-__. 
Proximal factor 
Population... 

Age, yr. 


Subjects, No. 


in the Measurement of the (A-C and C)/A Ratios 


Maddox Rod 
Technique 


3.6, 8.D,= 1,25 


Pixation- Disparity 
Procedure 


3.39, 8.D.= 119 


0.9, 8.D.—0.9 1.52, 8.D.—1,62 
Nonpatients Mostly patients 
8.D.=2.6 31, 8.D.=128 
2 104 


One eye Both eyes— 
Visual cireumstances Small held Approx. fleld 
Only lens holder Phorometer 
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account for the difference in the proximal 
convergence ratios. It is possible that the 
difference in the age ranges of subjects in 
the two groups could be an important factor 
and, as such, would indicate a decrease in 
the exophoria in near vision with increase 
in age. However, the literature tends to 
show little or no correlation between the 
heterophoria measured and age. 

A difference in the proximal convergence 
ratios could perhaps result from the different 
visual conditions under which the two tests 
were made. Uniocular vision was used in 
the first ; binocular vision with fused images, 
in the second, The larger field in the second 
might enhance the stimulus for a psychic 
awareness of distance. It would seem, how- 
ever, that any influence the phorometer close 
to the eyes might have on this awareness 
would be constant for both distant and near 
observation distances. However, one must 


seriously consider whether the differences 
between these factors are actually significant. 

Difficult to understand is the fact that 
negative values of the “proximal” conver- 
gence ratios are found, if this is a measure- 
ment of convergence initiated by awareness 


of nearness. In our fixation-disparity 


measurements negative values are found for 
about 16% of the 104 subjects tested. The 
existence of a negative proximal conver- 
gence factor means that this “sense” actually 
decreases the convergence initiated by the 
accommodative convergence. If this factor 
is a true psychic “awareness of distance,” 
one must conclude that for some subjects 
this “awareness” is insufficient. 

On the assumption that there is no signifi- 
cant difference between the values of the 
proximal convergence measured in the fore- 
going two tests, one would have to take 
the results from the larger population as 
representing the more probable values. On 
the average, this would correspond to 1.5A 
for each diopter that the visual object is 
brought nearer the eyes. From this method 
of measurement, therefore, the proximal 
convergence is less than one-half the accom- 
modative convergence. From distant vision 
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to a near vision of 40 cm. the proximal con- 
vergence would be 3.75A. Before we can 
be sure that this factor represents a con- 
stant part of the total convergence pattern 
of each person, more data are needed to 
find (1) the variation with repeated tests; 
(2) variation with greatly different instru- 
mentation, that is, test targets ; (3) variation 
with age. (Our data have not suggested any 
significant variation with age.) 

While the linear relationship between the 
accommodative convergence and the stimu- 
lus to accommodation is clearly emphasized 
by the fixation-disparity data, the data ob- 
tained by the phoria measurements empha- 
size also a linear relationship between the 
proximal convergence and change in the 
stimulus to accommodation. The sum of the 
accommodative convergence and the proxi- 
mal convergence (u+v) shows the extent 
to which these two functions contribute to 
the convergence demanded at a given ob- 
servation distance. (The fusional conver- 
gence will make up the difference.) The 
mean value of (u+v) for our population is 
4.99/D, with standard deviation of 
1.84/D, and the mean interpupillary dis- 
tance is 6.3 cm. Hence, in changing fixation 
from a distant object to one at the near 
distance of 40 cm. there would be on the 
average an exophoria of (6.3-—4.9) X2.5= 
3.5A. This is in agreement with the usually 
accepted figure that there is a normal 
physiologic exophoria at near of about 4A. 

It is of interest to see what relationships 
may be suggested from a statistical study of 
the data obtained from the selected popula- 
tion used in this study. Probably 104 sub- 
jects is not a large enough number to 
warrant definitive conclusions to be drawn, 
however. 

1. Myopia and Hyperopia.—There were 
15 subjects among the 104 whose refractive 
error was unquestionably myopic, and there 
were 21 whose error was unquestionably 
hyperopic. There were undoubtedly many 
more subjects who might have been included 
in these groups, but too often the astigmatic 
corrections made a decision uncertain. 
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No significant correlation of the degree 
of myopia and hyperopia with the magni- 
tude of the (A-C)/A ratio or the proximal 
convergence [ (P-C)/A] ratio was evident. 
However, when the myopes and the hyper- 
opes were separated each into two groups ac- 
cording to whether the (A-C)/A ratio was 
greater or less than the mean value of 
3.44/D of the entire 104 subjects, it was 
found that only 2 of the 15 myopes had an 
(A-C)/A ratio less than 3.44/D. That is 
to say, the great majority of myopes have 
a higher (A-C)/A ratio than the average. 
There was a tendency also for hyperopes to 
have a somewhat lower (A-C)/A ratio than 
the average, but less strikingly so. This 
relationship of a higher (A-C)/A ratio 
with myopia has previously been suggested, 
in the study of Manas.* A significance test 
shows that for our data the association of 
the higher (A-C)/A ratio with myopia, and 
of the lower ratio with hyperopia, is sig- 
nificant at the 1% level. This association 
suggests that the innervation for a given 
change in accommodation in myopes must 
be greater than that for the normal. 

There appeared to be no significant rela- 
tionship between myopia or hyperopia and 
the (P-C)/A, proximal convergence, ratio. 

2. Greater Exophoria at Near.—We can 
select those subjects whose exophoria at dis- 
tance was less than 4A and at the same 
time whose exophoria at near (33 cm.) was 
greater than 6A, a phoria pattern which 
might, according to the Duane classification, 
be called “convergence insufficiency.” There 
were 18 subjects among the 104 whose 
oculomotor imbalance fell in this range. 
Their corresponding (A-C)/A ratios and 
proximal convergence ratios were then com- 
pared to those of the remaining subjects. 
There were 14 of these 18 who had 
(A-C)/A ratios less than the average of the 
104. However, 16 of the 18 had proximal 
convergence ratios le s than 1.54/D. The 
comparison shows statistically that both the 
(A-C)/A ratio and the (P-C)/A ratio of 
the group of subjects who had convergence 
insufficiency are significantly less than those 
of the remaining subjects, at the 3% and 
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0.03% levels, respectively. This result is 
similar to that reported by Guzzinati.* 

3. Esophoria at Near.—Again following 
Duane’s classification for convergence ex- 
cess, we selected those subjects who were 
more esophoric at near than at distance, 
Subjects requiring an additional correction 
for near were excluded. There were 24 
subjects in this group. A study showed 
a significant association at the 1% level in 
that this group tended to have a higher 
(A-C)/A ratio than the other subjects. 
While there was also a tendency for the 
proximal convergence to be larger than 
that of the group as a whole, the association 
was less statistically significant. 

It was found by statistical comparison 
that there was an increased (A-C)/A ratio 
in this group over that of the remaining sub- 
jects significant at the 0.4% level. However, 
there did not seem to be at the same time 
a significant decrease in the proximal con- 
vergence, 

Thus it would seem that both the accom- 
modative convergence and the proximal con- 
vergence were reduced in convergence in- 
sufficiency but that only the accommodative 
convergence increased in convergence ex- 
cess. 

The clinical value of such information 
about oculomotor coordination may be im- 
portant in such cases as the following: 

Case 1.—A 33-year-old physician com- 
plained of difficulty in studying and of gen- 
eral asthenopia associated with the near use 
of the eyes. He had a refractive error of 
R. E. —2.00—0.50X 13; L. E. —2.00-—0.25 
156 and a convergence excess at near, A 
complete test using the fixation-disparity 
technique showed an equivalent phoria: dis- 
tant vision=1.5* esophoria; near vision= 
10.0* esophoria, The accommodative con- 
vergence-accommodation ratio, (A-C)/A, 
was found to be 5.14/D, which is higher 
than normal, and the proximal convergence 
factor was found to be 4.1°/D. In_ this 
case the convergence excess of this patient 
is due to an accommodational factor as well 
as to a proximal convergence factor, since 
both quantities are greater than normal. The 
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sum of the two factors is 9.24/D for a 
demand convergence of 6.34/D. To some 
extent there may have been functional fac- 
tors in the patient’s complaints. 

Case 2.—A 54-year-old man complained 
of visual fatigue, tendency toward diplopia, 
and discomfort in reading. The refractive 
error was R. FE, —0.25—0.50>< 180; L. E. 
—0,50—-0.25 180. A large exophoria at 
near was found with an addition of +2.50 
D. The fixation-disparity technique was 
used for a complete work-up of oculomotor 
pattern. Equivalent phorias: distant vi- 
sion= 1.5 exophoria; near vision, with an 
add of +2.50 D. both eyes, =154 ex- 
ophoria. The accommodative convergence- 
accommodation ratio, (A-C)/A, was found 
to be 5.24/D, and the proximal conver- 
gence factor was essentially zero. Because 
the +2.50 D. spheres were used for near 
vision, the stimulus to the accommodation 
was essentially the same for both the dis- 
tant and the near test. Consequently, there 
would be no accommodative-convergence 
change between tests. 
convergence so low, the convergent positions 
of the two eyes at which there would be no 
muscular imbalance would be the same at 
both the distant and the near test. Measured 
from the distant test plane, the phoria 
would be relatively small; measured from 
the near test plane, there would be a large 
exophoria of approximately 15A to 18A. 
The difference in the measured phorias 
would be independent of the (A-C)/A 
ratio. Thus, when a full additive correction 
for vision on near objects is required, as in 
presbyopia, only the proximal convergence 
factor can reduce the exophoria otherwise 


to be expected. 


Summary 


The accommodative convergence-accom- 
modation ratios and the proximal conver- 
gence ratios were determined, first, for 28 
subjects by the phoria technique, using a 
series of measurements to reduce effects of 
variation, and, second, for 104 subjects, for 
the most part clinical patients, using the 
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With the proximal 
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fixation-disparity technique, which was be- 
lieved to give more stable data, since the 
test requires fusion and both eyes are sub- 
ject to the same stimulus to accommodation. 
The data suggest that if the accommodative 
convergence is to be determined by measur- 
ing the phoria at near visual distance with 
only a few measurements, minus lenses 
would probably lead to less error than plus 
lenses. 

The (A-C)/A ratios were essentially the 
same from the two methods, the mean be- 
ing 3.54/D, with a standard deviation of 
1.28/D. The mean proximal convergence 
ratio was different, being 0.9°/D (S. D.= 
0.99/D) from the phoria technique and 
1.54/D (S. D.=1.628/D) from the fix- 
ation-disparity technique. The distribution 
of the proximal convergence ratios for the 
104 subjects seemed to be normal, and 16% 
of the ratios were negative. 

The association of the proximal conver- 
gence with dioptric change in the distance 
of the test object was shown to be linear, 
as was also that of the accommodative con- 
vergence with change in the stimulus to 
accommodation. To what extent the differ- 
ence between the proximal convergence 
ratios measured by the two methods is sig- 
nificant is not clear, but the difference in 
selection of the two groups of subjects and 
in the conditions of the tests is emphasized. 
More weight is attached to the proximal 
convergence measured by the fixation-dis- 
parity technique than to that measured by 
the phoria technique. Statistical studies 
showed the following: As a group, myopes 
had a higher (A-C)/A ratio than hyperopes. 
This was interpreted to mean that the inner- 
vation necessary to cause a given change in 
accommodation of a myope was greater 
than that of a hyperope or a normal subject. 
Convergence excess (by the Duane classifi- 
cation) was associated with an increased 
(A-C)/A ratio but not with an increased 
proximal convergence. On the other hand, 
convergence insufficiency (again following 
the Duane classification) was associated both 
with a decreased (A-C)/A ratio and with 
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a decreased proximal convergence. The 


data of two representative cases, one of an 
overconvergence at near vision and the other 
of a large exophoria at near in a presbyope, 
are presented. 
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Mixed Bacterial Infections in Relation to Antibiotic 
Activities 


III. Staphylococcal-Diphtheria Infections of Guinea Pigs 


SEYMOUR P, HALBERT, M.D.; CONSTANCE SONN KAZAR, B.S., and LOIS S, SWICK, B.S., New York 


The role played by antibiotic-producing 
strains of the normal human microflora in 
immune mechanisms of superficial infections 
is still uncertain. That such strains are ex- 
tremely common in the ocular flora’* as 
well as in the intestinal tract,>*® skin,’ 
nose and throat,'*"* and oral cavity 14° has 
now been well established. The general 
characteristics of a number of these antibi- 
otics have been worked out, and many seem 
to be of peptide nature.21™® Where 
studied, the extreme frequency of such 
strains, their antibacterial spectra, their ac- 
tivity in the presence of body fluids, and the 
rapidity with which fluctuation in concen- 
tration of such strains can occur have all 
argued for their potential significance. In 
addition, in Shigella infections 7°*? and in 
diphtheria infections ** evidence has been 
obtained which indicates a flourishing of an- 
tibiotic producers in the local tissues during 
recovery from these infections. 

As an experimental approach to the analy- 
sis of the significance of these antibiotic ac- 
tivities in vivo, mixed infections of animals 
have been utilized in this laboratory. In a 
previous study, mice were infected with 
mixtures of ocular staphylococci and Clos- 
tridium septicum spores by the intramuscu- 
lar route.** It was found that a high degree 
of protection against lethal outcome due to 

Received for publication Oct. 8, 1956. 
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“gas gangrene” was obtained when the 
staphylococcal component of the mixture 
was antibiotically active against the clostri- 
dial strain. As an extension of these studies, 
it was found that highly concentrated and 
purified antibiotic of one of these strains 
was very effective prophylactically in smail 
doses in this experimental disease.2° The 
present report deals with mixed diphtheria 
infections of guinea pigs, in which essentially 
the same approach was used, also with 
staphylococcal strains of the ocular flora. 
Duliscouét ** reported earlier that guinea 
pigs infected with diphtheria were protected 
against lethal outcome when an antibiotically 
active strain of throat staphylococcus was in- 
jected into the inoculation site. In addition, 
he also demonstrated protection against fatal 
diphtheria when a crude, active filtrate from 
the Staphylococcus was injected into the 
diphtheria infection site. Unfortunately, he 
failed to give detailed information, and ap- 
parently only a single strain of Staphylococ- 
cus was used, 


Materials and Methods 


The ocular staphylococci were obtained 
from the lids and conjunctivae of patients 
with either normal or inflamed conjunctivae. 
The techniques used for obtaining the cul- 
tures and isolating the antibiotically active 
strains have been described previously.”* 
Most of the organisms were of the Micro- 
coccus pyogenes var. albus group. Antibiotic 
assays were carried out according to the 
methods used earlier. 

Estimations of the dosage of organisms 
used were made by the preparation of a 
standard curve, relating turbidity (in a 
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Klett-Summerson photoelectric comparator ) 
to viable plate counts and to total bacterial 
cell solids. The strain of Corynebacterium 
diphtheriae finally chosen as most suitable 
for use in the infection studies was a mitis 
strain (H*). In preliminary tests, a number 
of diphtheria strains were examined both 
for susceptibility to the staphylococcal anti- 
biotics and for virulence. Although all the 
strains were very susceptible, the one 
chosen seemed to be somewhat more so than 
the rest. 

All of the organisms used for infection 
were grown on proteose No. 3 agar (Difco) 
for 24 to 48 hours at 37 C. They were 
washed off into an equal mixture of 0.158 
M Na Cl and 0.158 M sodium phosphate 
at pH 7.4. The cell suspensions were 
washed at least four times in an attempt 
to remove all loosely adsorbed antibiotic 
or diphtheria toxin. After being adjusted 
to the appropriate concentrations, staphylo- 
coccal and diphtheria suspensions were 
mixed immediately prior to the injection. 
The mixtures were all given to the animals 
within a matter of one to four minutes. 
In the principal study the injections were 
made by the subcutaneous route, while 
in one series of tests the intracutaneous site 
was utilized. For the subcutaneous infec- 
tion, a volume of 1 ml. was given. This con- 
tained an average of 165%10° diphtheria 
organisms and 730 10° staphylococci. The 
organism dosage varied within fairly nar- 
row limits. 

In a few experiments the mixtures were 
given intratracheally. In these limited tests, 
the guinea pigs were first anesthetized 
lightly with pentobarbital (Nembutal) in- 
traperitoneally and then given ether. The 
trachea was bared; a thread was drawn un- 
der it, and injections were made directly into 
the lumen while it was stabilized by pulling 
the thread upward. Direct injections 
through the unbroken skin into the trachea 
proved too difficult to achieve with certainty. 

In many of the experiments, control an- 
imals were given prophylactic antitoxin to 


*Dr. Margaret Holden provided this culture 
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make certain of the cause of the lethal out- 
come. For this purpose, 2,000 units of com- 
mercial diphtheria antitoxin (Lederle) was 
given intraperitoneally 5 to 24 hours prior 
to the infections. The guinea pigs were al- 
bino females, weighing from 300 to 350 
gm. They were all purchased from one 
dealer. 


Results 


A total of 29 staphylococcal strains were 
tested in mixed infections by the subcutane- 
ous route. These showed varying degrees 
of in vitro antibiotic activity against the 
diphtheria strain used in the tests. These 
data and the results of the mixed infections 
are summarized in Table 1. It may be 
seen that high degree of protection against 
lethal outcome was obtained with all but one 
of the Staphylococcus strains which in- 
hibited the diphtheria culture in vitro more 
than 4.4 mm. under the assay conditions. 
Staphylococcal strains that were without in 
vitro activity or which produced smaller in- 
hibition zones were without any effect on 
the lethal outcome. The vast majority of the 
deaths occurred in the first to the third day. 
Survival time for the mortality figures was 
recorded as final after 14 days. Many of the 
experiments were followed for as long as 
30 days without any significant change in 
the results. The data also reveal that the 
staphylococcal cultures themselves were non- 
lethal. In fact, very little local evidence of 
infection was seen in most of the animals 
receiving the staphylococci alone. The five 
strains which afforded protection and whose 
antibiotic had been analysed previously were 
of Groups I and II.* Strain 431-5, which 
showed a high degree of in vitro activity, 
was quite without in vivo effect in this 
system. It is of much interest that this 
strain produced an antibiotic of Group V. 
In connection with this, it may be pointed 
out that the strains of lesser in vitro po- 
tency were of other antibiotic groups. 

Another series of experiments was carried 
out, in which the mixed were 
given intracutancously. The results of these 
tests are shown in Table 2, Only one high- 
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Taste 1. Diphtheria infection in Guinea rie (Subcutaneous ) 


Antibiotic 
Ocular Activity of 
Staphylococcus 
Component 


None, diphtheria alone 
None, diphtheria antitoxin 


Staph. vs. Group 
C, Diphtheriae 


- 


Antibiotic 


Results of Mixed Infections Staphylococcus 
Controls, Survivors / 
Survivors*/Total Total injected 
Inject 


0/20 
18/20 


* Survival time used was 14 d 


t The figures represent the oome Ot inhibition of the mitis strain used for infection. They are average values of a number of assays. 


ly active and one nonactive Staphylococcus 
strain were used here, and it may be seen 
that only the active strain, No, 96-6, con- 
ferred a high degree of protection against 
lethal outcome. In this series of tests a por- 
tion of the same suspension of strain 96-6 
was heat-killed by subjection to a tempera- 
ture of 70 C for one-half hour. This killed 
portion was mixed with the diphtheria sus- 
pension and injected exactly as in the prev- 
ious groups. It may be noted that similar 
high degree of protection was obtained with 
the heat-killed suspension. 

It was previously demonstrated that part 
of the antibiotic is either tightly adsorbed 


Antibltotic 

Group Activity 

of Staph.* 
©, diphtheriae+NaCl-PO 
diphtheriae +antibiotic Staph. albus No. 96-6 78 


>, diphtheriae+Nonantibiotic Staph. albus 0 
127-1 

C. diphtheriae+ heat-killed antibiotic Staph. 
No, 96-6. 


C, diphtheriae-+antitoxin... _. 


* Zone of inhibition of the C. diphtheriee s strain used for infection in millimeters. 
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onto the bacterial cell body or is intracellular 
in a number of these strains? Since the 
above studies were carried out with sus- 
pensions mixed immediately prior to injec- 
tion, it was necessary to ascertain that there 
was no effect on the diphtheria organism in 
vitro. Accordingly, a number of tests were 
carried out in which the washed diphtheria 
suspension was mixed with an equal volume 
of heat-killed staphylococcal cells (70 C, one- 
half hour). This treatment of the latter did 
not affect the “adsorbed” antibiotic, since 
most of these agents were previously shown 
to be stable at 100 C for this length of time 
at neutral pH values. The diphtheria and 


TABLE 2.—/ntracutaneous Mixed Dighihorte ‘tions Guinea Pigs 


Guinea 


Pigs, 
No. 


ll 0 


. 57, May, 1957 


| 
K 600-16 bie 7/8 90 4/4 
K 102-11 7/7 100 2/2 
117-3 I 16/16 100 8/8 
K423-11 7/7 100 2/2 
K618-6 7/8 90 3/4 
KI7-5 I 10/12 85 6/6 
K610-18 8/8 100 4/4 
431-5 0/8 0 4/4 
a 188-4 I 8/8 100 3/4 
: 100-5 I 7/8 90 4/4 
455-1 II 9/12 75 6/6 
: 200-7 Ix 0/8 3/4 
191-4 VII 0/16 10/10 
2-4 0/8 4/4 
: 212-1 0/4 2/2 
61-5 Vil 0/8 4/4 
127-1 ies 0/8 3/4 
280-3 0/8 4/4 
223-1 0/8 4/4 
217-1 cha 0/8 3/4 
K595-1 0/3 
K 600-1 0/4 ‘2/2 
az Cumulative Deaths at Day Total 
: 2 3-5 6-20 % 
20 il 16 18 90 
2 2 2 
20 10 4 16 80 
= 20 0 0 1 5 
= 
| 


TaBLe 3.—Effect of Exposure of Washed C. Diphtheriae Mitis to Crude 
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Staphylococcal 
Strain 
96-6 


117-3 


KS8-8 


191-4 


Inhibition of 
C. Diphtheria by 
Living Staphylococcus 


6.7 


8.3 


3.7 


3.5 


Staphylococcal Antibiotics and to Washed Heat-Killed Staphylococcal Cells 


Colonies/M 
Mixture 
At 0 Hr. At 2 Hr. 
{ Diphtheria-buffer 66X<10¢ 67X10° 
| Diphtheria-killed 96-6 35X10¢ 70X10 
staphylococci 
Diphtheria-crude 96-6 68x<10° 
antibiotic 
Diphtheria-buffer 11xK10¢ 
Diphtheria-killed 117-3 18X10" 
staphylococci 
Diphtheria-crude 117-3 12x10" 31X10" 
antibiotic 
Diphtheria- buffer 28x10° 15x10* 
Diphtheria-killed K88-8 16X10¢ 
staphylococei 
Diphtheria-crude K88-8 20X10 20x10" 
antibiotic 
Diphtheria-buffer 58x10 
Diphtheria-killed 290-7 61x10" 50K 10° 
staphylococci 
| Diphtherta-crude 290-7 2x10¢ 0.2x16¢ 
antibiotic 
Diphtheria-buffer 23X10¢ 20X10° 
Diphtherta-killed 191-4 14X10 
staphylococci 
Diphtherta-crude 191-4 0.5X10* 0,1X10° 


antibiotic 


Viable Counts of o., Diphtheriae, 


heat-killed 


staphylococcal cell suspension 
mixtures were allowed to stand at room 
temperature for two hours, with plate counts 
of the viable diphtheria cells being made at 
intervals. In other tubes equal volumes of 
potent crude antibiotic solutions from the 
various strains were added to the original 
suspension of corynebacteria and plate 
counts also were made. The type of re- 
sults obtained with some of these strains is 
shown in Table 3. It may be seen that the 


first three staphylococcal strains listed 


showed no effect on the viability of the 
washed diphtheria cells after prolonged ex- 
posure to the crude antibiotic or to the killed 


TaBLe 4.—Antibiotic Assay of Washed and Heat-Killed Antibiotic-Producing 
Staphylococcal Cells 


bacterial cells. These strains were highly 
protective in vivo, It is thus clear that 
these antibiotics could not have damaged 
the diphtheria cells in the few minutes 
which elapsed between the mixing of the 
cultures and the injections. The situation 
was somewhat different with Strains 290-7 
and 191-4. Although the heat-killed cells 
had no effect on the diphtheria viability, the 
crude antibiotic reduced the count about ten- 
fold immediately and about one-hundred- 
fold after two hours. These latter two 
strains were without in vivo protective ac- 
tivity. That the heat-killed cells of the 
first three staphylococcal strains in Table 


Inhibition of 


~ 
tra! -Aving Preparation 
Mm. 
Killed cells, 
06-6, 6.7 crude antibiotic 
Killed cells, 
117-3 8.3 crude antibiotic 
Killed cells, 
75 crude antibiotic 
Killed cells, 
200-7 3.7 crude antibiotic 
Killed cells, 
191-4 3.5 


crude antibiotic 


* Inhibition zone poorly demarcated. 
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Inhibition Zone vs, C, Diphtheriae, Mm. 


Undiluted 10-* 10-* 10-¢ 
43 2.2 0 0 0 
6.1 3.3 1.0 0 0 

10.4 oA 5A iw 0 
10.4 75 41 0 0 
70 2.6 0 0 0 
13.0 6.9 24 0 0 
0.0 0 0 0 0 
6.6 34 10 6 0 
0 0 0 0 0 
10.5 6A 20 0 0 


— 
= 
75 
200-7 
: 
j 
49 
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Taste 5,—Production of Antibiotic by Staphylococcus Albus No. 96-6 
on Various Media 


Antibiotic Activity of Crude Supernate vs. 


Agar Medium* 


Staph. Albus No. 74 


Nutrient 
Nutrient agur-0.5% 
M.R.-V.P, 


Potato infusion... 

Heart infusion 

Heef lactose 

Nutritive caseinate__ 

rain-heart infusion. 

Endameha....... 

Proteose No, 

Proteose No, 

Proteose No, 4- 

Proteose No. 3- 

Proteose No. 3- 

Tryptone glucose extract... 

Proteose tryptone 

Cystine heart 

Staphylococeal medium No. 110.- 


=> 


SPER 


* All of the media used were products of the Difeo Laboratories. 


Partial inhibition zones, 


C. Pseudodiphtheriae 


Diphtheriae Mitis 


heal 


t Zone of inhibition (mm.) from edge of well to beginning of nermal growth. 


3 did contain cellular antibiotic and that the 
other two did not is demonstrated in Table 
4. The killed cells and crude antibiotics of 
these strains were assayed in serial dilutions 
on agar plates against C. diphtheria mitis 
(H). Relatively large amounts of the ac- 
tive substance were found tightly associated 
with the cells of the first three strains, in 
comparison with the potency of the crude 
supernates. 

In those instances where in vivo protec- 
tion was obtained, it is certain therefore, 
that the action actually took place in the tis- 
sues. Because it would appear from the 
data in Tables 2 and 4 that the protection ob- 
tained could be accounted for by the cellular 
staphylococcal antibiotic injected in the mix- 
ture, a search was made for a medium in 
which antibiotic was not produced, Protec- 
tion obtained with mixed infections using 
such suspensions would be unequivocally due 


to in vivo synthesis of antibiotic. Attempts 
to find a medium which gave good growth of 
the staphylococci without significant anti- 
biotic production were unsuccessful. A par- 
tial list of the media tried out is shown in 
Table 5. It may be seen that all of the 
media gave crude antibiotic of approxi- 
mately the same potency with this strain. 
Similar good production of antibiotic in 
liquid media was found. 

Because the subcutaneous and intracutane- 
ous routes were rather unrelated to the usual 
upper respiratory infection site with diph- 
theria, a few tests were carried out with in- 
tratracheal injections of these mixtures, as 
providing a closer approach to the normal 
habitat. In orienting tests it was found that 
a large dose of diphtherial cells was neces- 
sary for a lethal outcome by this route. The 
results obtained in two experiments using 
this approach are shown in Table 6. The 


Taste 6.—Mixed Diphtheria-Ocular Staphylococcal Infections by the 
Intratrac heal Route 


Infective Mixture 


Diphtheria & buffer 
Diphtheria & antitoxin..... D2 D2 8* 88 
Diphtheria & antibiotic staphylococeus 117-3 DIL 


Results of Control Staphylococcal 


Results of Mixed Infections Infections 


"Exper. 2. 


D1 D2D2D2D4 Di D2 D2 D2 


D6 888 


Diphtheria & nonantibiotic staphylococeus 127-1 D1 D1 D1 D1 D2 Di D2 D2 Ds 


* 8, Survived one month. 
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10.5% 
8.9 
95 
99 
4 10.8 
10.3 
8.2 
7.0 
13.5 
12.8 
15.6 
13,7 
16.4 
14.0 
15.2 
8.8 
17.8 
18.0 
15.7 
Exper. 1. Exper. 1. Exper. 2. 
88888 D2888 
8888 
1057 
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injections were all made in a volume of 0.1 
ml. For the first experiment, the doses of 
the organisms given were as follows: diph- 
theria, 36010°; active Staphylococcus, 
117-3 strain, 800X 10°, and nonactive Staph- 
ylococcus, 600 10°. For the second test, 
the doses were 11010*, 60010%, and 
400X 10*, in the same order. The results 
suggest that some protection was obtained 
by the antibiotic staphylococci. That the 
lethal outcome was due to diphtheria was 
indicated by the protection obtained by an- 
titoxin. The nonantibiotic strain was com- 
pletely ineffective, and the guinea pigs given 
this mixture all died. The almost complete 
survival of the staphylococcal control ani- 
mals reveals that the technique itself did not 
cause death and also that the staphylococci 
were of low virulence by this route. These 
control animals had received the same doses 
of staphylococci as the group getting mixed 
infections. The animals which died after 
receiving diphtheria suspension alone or 
mixed with staphylococci were autopsied in 
a number of instances. Extensive red pneu- 
monic consolidation was observed grossly. 


Comment 


This study has demonstrated the protec- 
tion obtained by antibiotically active staph- 
ylococci against lethal outcome in diphtheria 
infections of guinea pigs. These results con- 


firm limited observations reported by 
Duliscouét,** who used a single antibiotic 
staphylococcal strain isolated the 
nasopharnyx. The organisms used here 
were all isolated from human ocular flora. 
Although it is clear that protection was ob- 
tained by active strains, it is not clear that 
in vivo production of antibiotic is the 
mechanism involved. In the single instance 
in which a heat-killed antibiotic producer 
(96-6) was used, the protection found 
was of the same order of magnitude as was 
that noted with this living staphylococcal 
culture. In previous studies with mixed in- 
fections with these strains and C. septicum 
spores in mice ** evidence was presented 
along these lines that did indicate in vivo 
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production of antibiotic. In this current 
work with diphtheria, in addition, one strain 
highly active in vitro had no effect in vivo in 
this system. 

For an ideal in vivo study it would have 
been preferable to use organisms which 
were completely free of tightly adsorbed 
or intracellular antibiotic. Attempts were 
made to grow one of these organisms on a 
large variety of media under differing con- 
ditions to achieve this end, and all attempts 
were unsuccessful. Antibiotic was pro- 
duced in abundance whenever growth oc- 
curred, It is certain, however, that the 
protection observed was a result of antibi- 
otic action within the tissues, as allowing 
washed mixtures of the diphtheria suspen- 
sion and antibiotic-producing Staphlyococ- 
cus to stand at room temperature for as long 
as two hours had no observable effect on the 
viability of the corynebacteria, The crude 
antibiotics tested in similar circumstances 
also were without an antibacterial effect, 
except for the two strains examined which 
had no in vivo activity. It should be re- 
called that the organism suspensions were 
used within one to five minutes after 
mixing. 

The limited data obtained with the intra- 
tracheal inoculations are of interest. This 
route does represent a somewhat closer ap- 
proach to the natural habitat of these organ- 
isms, and a suggestion of protection was 
found with the highly active Staphylococcus. 
That the lethal outcome was due to diph- 
theria was indicated by the protection found 
with antitoxin and the lack of lethal effect 
of the staphylococci alone. Unfortunately, 
the tediousness of the inoculation technique 
made larger and more adequate experiments 
impractical. Although the mixtures of diph- 
theria bacilli and staphylococci were made 
just prior to inoculation in these tests as 
well, there was a possibility that the washed 
diphtherial cells would deteriorate sponta- 
neously during the course of an experiment 
which lasted up to two and one-half hours. 
For this reason, all of the control animals 
which received diphtheria alone were inocu- 
lated at the end of the procedure. 


721 


Sate 
4 
: 
= 


Summary 


Guinea pigs were infected subcutaneously 
with mixtures of washed Corynebacterium 
diphtheriae mitis and ocular staphylococci. 
When the staphylococcal component pro- 
duced potent antibiotic active against the 
diphtheria bacilli, protection against lethal 
outcome was obtained in most instances. 
Nonactive or slightly active staphylococci 
were without effect on the mortality rates. 

The staphylococcal strains by themselves 
were all essentially avirulent, and they did 
not cause an appreciable number of deaths. 

No significant effects on the viability of 
the diphtheria cells were found in mixtures 
of washed diphtheria bacilli and heat-killed 
antibiotic staphylococci after they had stood 
at room temperature for two hours. Under 
these conditions the diphtheria cells were 
not affected by crude antibiotic from 
several strains highly protective in vivo. 

Preliminary tests suggest that lethal in- 
tratracheal diphtheria infections can be 
produced, and this route may offer some 
advantages in these studies, 

College of Physicians and Surgeons, Columbia 
University. 
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Oxygen Studies in Retrolental Fibroplasia 


V. The Effect of Rapid vs. Gradual Withdrawal from Oxygen on the 


Mouse Eye 


It is now generally accepted from abun- 
dant clinical '}* and experimental ** data that 
the over-use of oxygen is an important and 
probably the principal factor in the develop- 
ment of retrolental fibroplasia. There are, 
however, several controversial factors which 
are thought to influence the action of oxy- 
gen on the premature retina, One of these 
is the rate of withdrawal from the initial ex- 
posure to oxygen. Prolonged gradual with- 
drawal from oxygen to minimize or avoid 
the retinal damage produced by oxygen has 
been advocated principally by Szewezyk ° 
and Bedrossian and co-workers.? 

This report is based on experiments de- 
signed to evaluate the effect of gradual 
versus rapid withdrawal from oxygen in the 
mouse eye. The data show that the addi- 
tional oxygen administered during a period 
of gradual withdrawal frequently repre- 
sented that added amount of oxygen neces- 
sary to make an initial nontoxic exposure 
to oxygen injurious, 


Subjects and Methods 


Experiment I.—¥Your litters of newborn 
white mice were placed in the oxygen in- 
cubator at 809% concentration for 24 hours. 
One-half of the animals were then abruptly 
removed to room air (20% oxygen), and the 
remaining half of the animals, paired off 
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as litter mates to those already removed, 
were kept in the incubator. The animals in 
the incubator were subjected to a gradual re- 
duction in oxygen concentration at the rate 
of 10% concentration reduction daily. On 
the seventh day the concentration of room 
air was reached and the animals were re- 
moved from the incubator and placed in 
holding cages. All animals were killed on 
the 16th day of age. 

The results of this experiment are shown 
in Figure 1. None of the animals which 
were abruptly removed from the chamber 
after one day’s exposure showed any ocular 
abnormality. In those eight animals grad- 
ually removed from oxygen, 4 of the 16 
eyes showed ocular lesions. These consisted 
of intraocular hemorrhages, abnormal per- 
sistence and proliferation of the hyaloid 
system, and retinal hemorrhages. 

Experiment I].—Litters of newborn mice 
were placed into the incubator as in Experi- 
ment I. Twelve newborn animals were ex- 
posed to an oxygen concentration of 80% 
for 48 hours, One-half of the young animals 
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Fig. 1.—Schematic diagram of oxygen concen- 


trations in Experiment I. Note absence of ocular 
lesions in animals rapidly withdrawn from oxygen. 
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Fig. 2.—Schematic diagram of oxygen concen- 
trations in Experiment II. Note absence of ocular 
lesions in animals rapidly withdrawn. 


were then abruptly removed to room air. The 
remaining half of the animals, matched as 
litter mates to those rapidly removed, were 
kept in the incubator. The oxygen concen- 
tration in the incubator was then gradually 
reduced at a rate of 10% per day over six 
days. The animals were then at a room air 
concentration on the eighth day and were 
then removed to cages in room air. All ani- 
mals were killed on the 16th day of age. 

The results of this experiment are shown 
in Figure 2, Twelve young animals sur- 
vived the experiment. In the seven animals 
(14 eyes) which were rapidly removed 
from oxygen, there were no ocular lesions. 
In the five animals (10 eyes) that were 
gradually weaned from 80% oxygen over a 
six-day period, 100% of the eyes showed 
ocular lesions. These consisted of intraocu- 
lar hemorrhages, abnormal persistence and 
proliferation of the hyaloid, and abnormal 
retinal vascular tufts proliferating from 
the nerve fiber layer of the retina into the 
vitreous. 

Experiment I11.—-Newborn litters of mice 
were placed into the incubator as in the 
above experiments. The animals were ex- 
posed to an initial concentration of 80% for 
three days. During this experiment foster 
mother animals Were exchanged with the 
animals in the incubators to prevent pulmo- 
nary edema in the exposed mother animals. 
The mother animals were exchanged every 
24 hours. After three days of exposure to 
80% oxygen, one-half of the young were 
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~~ Gradual 


— Rapid-§ =O % 


Days in O, 
Fig. 3.—Schematic diagram of oxygen concen- 


trations in Experiment III, Note absence of ocular 
lesions in animals rapidly withdrawn, 


abruptly removed to room air. The re- 
maining half of the young animals, matched 
as litter mates to those rapidly removed, 
were kept in the incubator for an additional 
six days. The oxygen was gradually re- 
duced in the incubator at a rate of 10% per 
day, to reach the concentration of room air 
on the ninth day. The animals were then re- 
moved to cages in the laboratory. 

The results of Experiment III are shown 
in Figure 3. Of 15 animals surviving the 
rapid withdrawal from oxygen, none (30 
eyes) showed any ocular lesions, In the 
eight animals (16 eyes) which survived the 
gradual withdrawal from oxygen, all eyes 
showed ocular lesions. These consisted of 
intraocular hemorrhages, abnormal persis- 
tence and proliferation of the hyaloid ves- 
sels, retinal hemorrhages, and capillary tufts 
proliferating from the retina into the vitre- 
ous. All animals were killed on the 16th 
day of age. 

Experiment 1V.—L.itters of newborn mice 
were placed in the incubators as in the above 
experiments. The mother animals were ex- 
changed every 24 hours with foster mothers 
as in Experiment III. All the young animals 
were exposed to an initial concentration of 
oxygen of 80% for a period of four days. 
One-half of the animals were then abruptly 
removed to room air. The remaining half 
of the animals, matched as litter mates to 
those rapidly removed, were kept in the 
incubator. The oxygen concentration was 
then gradually reduced at a rate of 10% 
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Fig. 4.—Schematic diagram of oxygen concen- 


trations in Experiment IV. Note absence of ocular 
lesions in animals rapidly withdrawn. 


daily so that on the 10th day the incubator 
concentration was that of room air (20%). 
The animals were then removed from the in- 
cubators and placed into cages in the labora- 
tory. All animals were killed on the 16th 
day. 

The results of this experiment are shown 
in Figure 4. In the 12 animals (24 eyes) 
which survived the rapid withdrawal from 
oxygen, there were no ocular lesions ob- 
served. In the eight animals which survived 
the gradual withdrawal from oxygen (16 
eyes), all eyes showed ocular lesions. These 
consisted of intraocular hemorrhages, ab- 
normal persistence and proliferation of the 
hyaloid system, retinal hemorrhages, and 
retinal capillary tufts proliferating into the 
vitreous, 

Experiment V.—Litters of newborn mice 
were placed in the incubator as in the above 
experiments. Mother animals were ex- 
changed at 24-hour intervals with foster 
mothers as described above. All young mice 
were exposed to oxygen at 80% concentra- 
tion for an initial period of five days. One- 
half of the animals were then abruptly 
removed to room air. The remaining half, 
which were matched as litter mates to those 
removed rapidly, were then kept in the 
incubator. The oxygen concentration in 
the incubator was gradually reduced at 
a rate of 10% daily from 80% to room 
air (20%) over a period of six days, and 
on the 11th day the animals in the incu- 
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Fig. 5.—Schematic diagram of oxygen concen- 
trations in Experiment V. For the first time, 
lesions are detected after rapid withdrawal from 
oxygen. 
bator were transfgred to cages in‘ room 
air. All animals were killed on the 16th 
day. 

The results of this experiment are 
shown in Figure 5. Fifteen animals sur- 
vived the rapid withdrawal portion of 
the experiment. Of these 15 animals (30 
eyes), 18 eyes showed ocular lesions. 
These consisted of intraocular hemor- 
rhages, abnormal persistence and pro- 
liferation of the hyaloid system, and pro- 
liferation of retinal vessels into the 
vitreous. Eleven animals (22 eyes) sur- 
vived the gradual withdrawal from oxy- 
gen. In all 22 eyes ocular lesions were 
noted, and these consisted of the same 
lesions just mentioned in the animals 
rapidly withdrawn. It was significant to 
note that the severity of lesions in the 
group from which oxygen was gradually 
withdrawn exceeded in each case the 
maximum degree of ocular lesions ob- 
served in any of the animals rapidly with- 
drawn. 

Experiment V1.—Litters of newborn 
mice were placed in the incubator at 80% 
oxygen concentration for seven days, with 
use of foster mothers as in Experiment V. 
One-half of the young were abruptly re- 
moved to room air after seven days. The 
remaining half, which were matched as lit- 
ter mates to those removed abruptly, were 
kept in the incubator. The oxygen concen- 
tration was gradually reduced at a rate of 
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Fig. 6.—Schematic diagram of oxygen concen- 
trations in Experiment Vi. There is no difference 
between the groups in incidence of lesions after 
seven days in oxygen. 
10% daily over a period of six days. All 
animals were killed at 16 days of age. 

The results of this experiment are shown 
in Figure 6. Twenty animals survived in 
the rapid withdrawal group. Ocular lesions 
were found in 100% (40 eyes), as de- 
scribed in Experiment V. Twenty-four ani- 
mals survived the gradual withdrawal 
experiment. In all 24 animals (48 eyes) 
ocular lesions as described in Experiment 
V were detected. There was no difference 
in severity of lesions in the animals of the 


rapid and the gradual withdrawal group. 


Comment 


Bedrossian and co-workers? are to be 
commended for having performed a con- 
Fig. 8.—Typical endothelial proliferation on 
surface of retina of mouse gradually withdrawn 


from oxygen in Experiment III; reduced from 
mag. 450. 
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Vig. 7.—Retina of normal 16-day-old mouse 
raised in room air as control; reduced from mag. 
* 450. 
trolled study on rapid versus gradual with- 
drawal from oxygen in the nursery, Their 
data suggested that gradual withdrawal from 
oxygen offered protection from the damag- 
ing effect of the initial exposure to oxygen. 
It would be highly desirable to have these 
studies extended to involve a much larger 
number of infants. It is obvious that their 
experiments cannot now be further studied 
clinically in view of the now well-estab- 
lished toxicity of oxygen for the infant 
eye. Since the problem cannot be further 
evaluated, for ethical reasons, in a controlled 
nursery study, we must now rely on animal 
experimentation to elucidate this question. 


Fig. 9.—Section showing persistence and prolif- 
eration of hyaloid vessels (H. V.) and large 
hemorrhages (H.) in oxygen-treated mouse; re- 
duced from mag. 30. 
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Before applying the data from these ex- 
periments to the problem of oxygen admin- 
istration in the premature nursery, one must 
be extremely cautious in translating these 
results to the problem of human retrolental 
fibroplasia (RLF). However, the ability to 
produce, in animals with immature retinas, 
almost identical histologically to 
those of early human RLF justifies a rea- 
sonable degree of confidence in applying 
animal data to the human problem. 


lesions 


Exposure of mice to 80% oxygen concen- 
tration for a period up to four days was 
nontoxic when the animals were immedi- 
ately removed to air (Fig. 4). Yet when 
mice were in 80% oxygen for only two days 
(Fig. 2) and gradually withdrawn from 
80% oxygen to room air, all animals showed 
ocular lesions. Gradual withdrawal from 
oxygen, instead of minimizing the ocular 
effect of oxygen, furnished the added 
amount of oxygen necessary to make an 
initial nontoxic dose damaging. 

These animal data on the effect of rapid 
versus gradual withdrawal show one par- 
ticular principle which suggests a practical 
clinical application. These data suggest that, 
following an initial nontoxic exposure of 
the infant to oxygen, the added oxygen that 
might be administered during a period of 
gradual withdrawal could furnish that ex- 
tra amount of oxygen needed to make the 
total exposure injurious to the infant's 
retina. 

The results of these experiments show 
very strikingly the importance of “dura- 
tion” of exposure to oxygen on the imma- 
ture mouse eye. Exposure at concentrations 
of 80% produced no observable ocular effect 
when the animals were removed within four 
days. However, the exposure of one addi- 
tional day (Experiment V) resulted in 
ocular lesions in 60% of the animal eyes. 
After the animals had been exposed for 
seven days, it appeared that maximal dam- 
age had been produced and no difference in 
incidence or severity of lesions was noted in 
the rapid as compared with the gradual 
withdrawal group, 
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When the exposure was prolonged in the 
mouse to seven days, apparently the maxi- 
mum amount of oxygen damage was already 
produced at the time of splitting the litters 
into rapid or gradual withdrawal groups. 
There was no difference in severity or inci- 
dence of lesions observed in the two groups. 

It would appear from these animal data 
that the only possible safe situation where 
prolonged gradual withdrawal from oxygen 
would not actually cause additional damage 
to the infant retina would be when maxi- 
mum damage had already been produced by 
the initial exposure to oxygen. During our 
controlled study ** infants in the high-oxy- 
gen group were placed in 70% oxygen con- 
tinuously for 30 days or longer. Many of 
these cases showed total and irreversible 
obliteration of the retinal vascular tree. The 
large vessels appeared as fine threads with- 
out blood columns, Even after the infant 
was kept in room air for as long as three 
hours after removal from the incubator, the 
vascular tree remained as attenuated threads. 
Here one can assume that maximal oxygen 
damage (vaso-obliteration) had been pro- 
duced. Gradual withdrawal from oxygen 
would, therefore, not be expected to cause 
additional damage to the retinal vessels. 
Here, and here only, would it appear to be 
a safe procedure to engage in a practice of 
gradual reduction of oxygen in the incu- 
bator. However, it is extremely unlikely 
under current practices that infants would 
be maintained for such long periods at suf- 
ficiently high levels of oxygen to obliterate 
totally the retinal vessels. 

Gyllensten and Hellstrém’s recent obser- 
vations *® on the effect of gradual transfer 
of animals from oxygen to air led them to 
conclude that a procedure of gradual with- 
drawal does not prevent oxygen-induced 
ocular lesions. The main difference that 
they noted between animals gradually trans- 
ferred to air and those rapidly transferred 
was the time schedule of appearance of 
ocular lesions. 
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Summary and Conclusions 


Experiments conducted on young mice 
demonstrated that prolonged gradual with- 
drawal from an initial high concentration 
of oxygen does not prevent the production 
of ocular lesions produced by oxygen. On 
the contrary, in some experiments gradual 
withdrawal increased both the severity and 
and the frequency of ocular lesions. 

These mouse experiments show that the 
additional oxygen that was administered in 
the period of gradual withdrawal from oxy- 
gen frequently represented the added amount 
of oxygen that was necessary to make an 
initial nontoxic exposure injurious to the 
animal eye. 

The possible nursery application of these 
data is briefly discussed. 

1212 Eutaw Place (17). 
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Fundamental Limitations of Radiophosphorus 


Counting Methods Used for Detection of Intraocular 


Neoplasm 


JAMES F. O/ROURKE, M.D.; HUMPHREY PATTON, 8.5., and ROBERT BRADLEY, 8.5., Bethesda, Md. 


Since Scarney and Crossin’s' early re- 
port, much work has been done with Geiger 
tubes placed on the eye, and attempts have 
been made to estimate from this the distri- 
bution of radiophosphorus 
To date, the evidence recorded in favor of 
this technique for ocular tumor diagnosis 
appears to rest upon several broad as- 
sumptions. The experiments which follow 
were designed to examine certain of these 
assumptions and to secure, if possible, ad- 
ditional basic knowledge about the ocular 
uptake of 

A preliminary phase of the study con- 
cerns measurement of the differential up- 
take by two ocular tumors of human origin, 
while the main part deals with the specific 
organ uptake by animal eyes, under con- 
ditions relevant to the clinical situation. 
Finally, an attempt was made to demon- 
strate the influence of scleral absorption 
upon external counting results. 

One cannot claim that conclusions de- 
rived from animal experiments of this sort 
are entirely pertinent to the clinical prob- 
lem. Properly interpreted, however, they 
may serve to direct the design of future 
clinical studies: As presented here they 
are intended to be indicative rather than 
definitive. 


Methods 
Freshly enucleated specimens were 
weighed and then immersed in 20 ce. of 
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fuming nitric acid. The digestant was 
brought to a volume of 100 cc. with dis- 
tilled water and thoroughly mixed. A 1.0 
ce. aliquot was pipetted onto an aluminum 
planchet and dried under an infrared lamp. 

Determinations of the gram tissue radio- 
phosphorus content in microcuries (pc) 
were derived as follows: 

counts/min/gm, specimen 
2.22x10° (Emissions/sec/pe P™) 
tissue. 

In computing these results a geometry 
factor of 9.0% obtained: This was de- 
rived by use of an end-window Geiger- 
Mueller tube, thickness 1.4 mg. per centi- 
meter square of mica, and a Berkley Scaler, 
Model No. 2001, operating voltage 1,000 
v. A Bureau of Standards Radium D and 
FE. standard source, No. 2385, was used and 
was covered with 7.20 mg. per centimeter 
square aluminum of approximately 0.001 
in. thickness. Corrections advised for abso- 
lute beta counting were employed in the 
computation of this factor.’7 

The isotope uptake of an organ is con- 
veniently expressed as its differential ab- 
sorption ratio (D.A.R.). This term, de- 
vised by Marinelli and Kenney,’* expresses 
the relationship of the organ content to 
that of whole body weight as follows: 


Xgeometry=ypc/gm. 


uc/gm. organ 
ac/gm. body weight 
Such a ratio will indicate whether an or- 
gan or tissue absorbs an amount of isotope 
sufficiently above the average for the en- 
tire body to make local detection feasible. 
The ratio is based on administered dose 
rather than retained dose, because it is not 
possible to measure the excretion of an iso- 


=D. A, R. 


tope accurately. The average excretion loss 
of 10% to 25% is not likely to invalidate 
findings computed this way. 

In calculation of mean values for ratios 
and percentile figures we employed the 
harmonic mean method.'* 

Analyses of normal and experimentally 
inflamed eyes were made at intervals of 
1 and 24 hours after intravenous injections 
of 50ume of radiophosphorus per animal. 

A total of 102 rabbit eyes were studied 
in five groups. Of the 24 globes in each 
of the four main groups, 12 were assayed 
at 1 hour, and 12, at 24 hours. One-half 
of the specimens in each group were ob- 
tained through bilateral enucleation: This 
permitted a limited study of uptake dif- 
ferences between the eyes of a single animal. 

Injections were intravenous, and dilutions 
were made with sterile purified water. The 
50uc dose represents a range of 15.5y¢ to 
48.3uc per kilogram of rabbit weight; this 
is from two to six times the human adult 
dose of 500uc. Animals weighed from 1035 
to 3205 gm., and the range of differences 
is approximately equal among the groups. 

Radiophosphorus has a normal half-life 
of 14.3 days. Comparisons of 1-hour and 
24-hour tissue levels included a correction 
for this decay factor. 


Differential Uptake of Human 
Ocular Melanoma 


There existed within the left globe of 
an adult white man a melanoma large 
enough to obscure almost all ophthalmo- 
scopic view of the disk and macula. This 
mass occupied approximately one-fourth of 
the posterior chamber volume and extended 
from the ora serrata temporally to the 
paramacular region. During enucleation 
surgery, posterior perforation and tumor 
seeding of the adjacent orbital tissues were 
noted, and a subsequent exenteration was 
required, 

Twenty-four hours after the administra- 
tion of 500 pe of radiophosphorus to this 
patient, counts of both eyes were taken 
on a quadrant basis, with use of the bevelled 
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LIMITATIONS OF P® COUNTING METHODS 


Geiger counting tube (Anton 224). During 
surgery a curved posterior pole type of 
Geiger counter (Anton 225 probe) was 
placed over six separate areas of the tem- 
poral half of the tumor-bearing eye, in- 
cluding the site of posterior perforation. 
In both types of counting technique, we 
obtained no evidence of increased activity 
over the tumor. A_ second patient with 
a smaller posterior pole tumor (0.22 gm.) 


Taste 1.—Results of Tissue Analysis in Two 
Cases of Melanoma 


wt Ps, % of 500 
Gm we Dose 
12 0.110 0.0220 
Ocular tissue... 1.98 0.010 0.0020 
0.226 0.053 0 0106 
Ocular tissue... .... 0.777 0.004 0 0008 
gave a similar counting result. In each 


case counting was done over both eyes 
preoperatively and over normal and tumor- 
bearing areas of the suspect eye during 
surgery. Each of the enucleated eyes was 
sectioned through the tumor site and again 
at the pars plana. The tumor masses were 
carefully dissected free from the posterior 
segments containing them. (Small slices 
were taken for pathologic study.) Separate 
assays were made of the tumors and of all 
posterior segment tissue except vitreous: 
This was done 24 hours after P* injection. 
Methods of tissue analyses are detailed 
above. Table 1 contains the results of this 
tissue assay. 

These results were disturbing for two 
reasons. First, the tumor levels of P®? were 
only 10 and 13 times that of adjacent ocular 
tissues ; this does not represent high specific 
uptake for small tumors and could be easily 
overlooked on external counting. Second, 
the globe itself (posterior two-thirds only) 
contained only 0.008% to 0.002% of the 
high dose given (500pc) ; this is a very 
low specific uptake. 


Differential Uptake of Normal Globe 


The adequacy of external counting re- 
quires that the P® content of conjunctiva 
and Tenon’s fascia be less than that of the 
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globe. The following analyses (24 eyes) 
were done to determine what per cent of 
administered radiophosphorus resides in 
globes devoid of such tissue, 

Twelve eyes were enucleated at each in- 
terval of 1 hour and 24 hours following 
injection of the isotope. The specimens 
were thoroughly cleaned of all external tis- 
sue, and counting samples were prepared 
in the manner described. Figure 1 and 
Table 2 depict the results expressed as 
millicuries per gram of tissue and mean 
D. A. R. 

One hour mean D. A. R. values show an 
ocular uptake less than one-fifth of the 
whole body average, in globes cleaned of 
conjunctiva fascia and muscle. 

Expressed as per cent of dose this low 
ocular uptake is yet apparent 
(0,0040% to 0.0536% ). 

The 24-hour value for mean D, A. R. 
is a bit more than a half of the 1-hour 
level. This value and the per cent of dose 
figures agree approximately with those cal- 
culated for the two human eyes previously 
analyzed (Table 1). 


more 


Differential Uptake of Normal Globe 
with Conjunctiva and Muscle Attached 


External counting over the anterior half 
of the globe requires that the tube face rest 
on the conjunctiva, not on the sclera, Un- 
like choroidal emissions, those from the 
conjunctiva travel to the tube chamber 
unimpeded by other tissue. Consequently, 
activity within the conjunctiva might con- 
tribute a high percentage of the total of 
emissions detected. The study to follow 
of this 
problem: first, the influence of extraocular 
tissues on total ocular uptake and, second, 


sought to examine two aspects 


TABLE 2.— 


/ptake of 
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MEAN D.AR 


\° 1175 ——Ciean giobes 
0.1017 ---Giobe conj and muscie 
0,.0906----Ciean giobes, infiammed 
con) , infiommed 
24h. 
HOURS 


Fig, .1.—Radiophosphorus content of rabbit ocu- 
lar tissue at 1 and 24 hours following intravenous 
injection of sodium radiophosphate, 50yc. Results 
are expressed as mean differential absorption ratio 
(see text); each of the eight ratios charted rep- 
resents the mean of 12 rabbit eyes. 


the individual content of conjunctiva, 
muscle, and globe, when separately assayed. 

The procedures of Group I were re- 
peated, with this difference: All conjunctiva 
and muscle anterior to the equator remained 
on the globes, as part of the specimen to 
be digested. The results are listed in Table 
3 and depicted in Figure 1. 

In comparison with Group | there re- 
sulted an approximate fourfold increase in 
mean D, A. R. at the one-hour interval. A 
rise is also reflected in per cent of dose 
figures. This elevation is out of proportion 
to the very small weight increase of the 
specimen that the retention of extraocular 
tissue brings about (about 2.0 mg.). 

Six specimens each of conjunctiva, mus- 
cle, and globe were separately assayed at 
1 and at 24 hours, to further test the impli- 
cation of these results. Because dissection 
might cause diffusion of P*? between tis- 
sues, manipulations were minimized as far 
as possible. The rise of surface activity on 
the globes was less than 2% of total speci- 
men activity, as determined by analysis of 
the collected saline wash fluid. 


p* 


in Normal Eyes 


pe 


% of 
0.0040-0.0536 
0.0018-0.0166 


Mean 
0.1905 
0.1175 


0.061-0.766 
0.035-0.263 
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Tasie 3.—P” Uptake in Normal Eyes with Extraocuiar Tissues 


pe D.A.R,. 
/Gm., of 
Range Mean 
0.0042-0.295 0.0084-0.590 


0.0006-0.0116 


0.0012-0.0232 


Taste 4.—P" Uptake of Dissected Tissues 


pe 
% of Dose, 
Range Range Range Mean 
{ Con}, 0.0340-0, 0.0680-0.3214 1.36 -6.13 3.434 
Musele 0.0524-0.0141 0.1048-0.2282 2.09 4.76 3.157 
| Globe 0.0015-0.0068 0.00300, 136 0.060-0.272 0,123 
{ Con). 0.0534-0.202 0.1088-0.404 1,78 -7.22 3.297 
24 hr... Musele 0.0428-0.1710 0.0868-0.3420 6,11 2.755 
| Globe 0.0017-0,0026 0.0034-0,0052 0.061-0,087 0.0765 


The 1- and 24-hour values for dissected 
tissues are presented in Table 4. 


The data concerning mean D. A. R. val- 
ues are charted in Figure 2. The specific 
uptake of radiophosphorus by conjunctiva 
and muscle exceeded that of cleaned globes 
at both the 1- and 24-hour intervals, 

Setween 0.068% and 0.928% of the 50pe 
dose was found in conjunctiva at one hour, 
and slightly less than this was found in 
muscle. Expressed as mean D. A. R., the 
lowest value for these tissues was 25 and 
45 times, respectively, that of the cleaned 
globe at 1 and at 24 hours. 


4 
Te 
| —5.957 4 
oa 5 
3.775 MUSCLE 
< 3.157 
2h a 
'T 0.123 
Ine 


Fig. 2.—Radiophosphorus content of rabbit con- 
junctiva, muscle, and globe separately assayed at 
1 and at 24 hours following intravenous injection 
of sodium radiophosphate, 50gc. Results are ex- 
pressed as mean differential absorption ratio (see 
text); each of the six ratios charted represents 
the mean of six rabbit eyes. 
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Differential Uptake of Inflamed Globe 


Interest was now directed to the effect 
that inflammation might have on ocular up- 
take of P**, Bettman * has reported a great 
increase after the injection of turpentine 
into a single animal eye. The following 
studies were done to reproduce this effect 
and if possible to differentiate the role of 
ocular inflammation from that of conjune- 
tival inflammation in promoting local up- 
take of radiophosphorus, 

The anterior chamber was evacuated in 
24 rabbit eyes and 0.2 ml. of turpentine 
was injected intracameraly. The onset of an 
inflammatory response was prompt and se- 
vere. Fifty microcurie doses of P® were 
injected intravenously after an interval of 
15 minutes. Twelve eyes were enucleated 
at 1 and at 24 hours, and all extraocular 
tissues were removed, Table 5 contains the 
results of tissue assay in this group of eyes; 
mean D. A. R. values appear in Figure 1. 

Needless to state, these low figures were 
an unexpected result. Despite the visible 
inflammation within all eyes, no single in- 
stance of increased radiophosphorus uptake 
occurred, Differences between 1- and 24- 
hour values were of the order found in 
normal eyes, studied at corresponding in- 
tervals (Group 1). 

In order to assess the role of extraocular 
inflammation, an experiment was done on 
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Taste 5.—P" Uptake of Inflamed Globe 


per 


ge/Gm., of 
Range 
0.008 -0.0102 
0.0026-0.0142 


0.0004-0.0051 
0.0013-0.0071 


eyes subjected to a subconjunctival injec- 
tion of turpentine (0.5 ml.). Without ex- 
ception, the chemosis and injection were 
severe and persisted for several days. In- 
travenous sodium radiophosphate injection 
(50puc) followed in 15 minutes. All extra- 
ocular tissues anterior to the globe equator 
were retained on enucleated specimens, as in 
Group II. 

The results are presented in Table 6; 
1- and 24-hour mean D. A. R. values appear 
also in Figure 1. 

At the one-hour interval extraocular in- 
flammation did not evoke a rise of P* 
above the resting level previously estab- 
lished (Table 3). Once more, retention of 
these external tissues (inflamed or not) 
caused or was accompanied by a marked 
increase of the one-hour P** content. 

At 24 hours the P** content was 
greater than that found in normal globes 
without inflammation (Tables 2 and 3), In 
this connection it is worthy of notice that 
regardless of inflammation or external tis- 
sue retention the mean D. A. R. value at 
24 hours differed very little throughout 
these studies (0.0765 to 0.1175). 


no 


Per Cent Difference P*? Uptake Between 
Eyes of Same Animal 


Most external counting techniques require 
that a comparison be made between the 
normal and the suspect eyes of a patient. 
This assumes that the disparity of isotope 


content which occurs naturally between 
paired organs is less than that which a 
tumor might evoke. 


The foregoing experiments were designed 
to permit a limited comparison of P* con- 
tent between paired eyes. 

In all there were 26 instances of bilateral 
enucleation. Twelve of these pairs were 
inflamed eyes (six intraocular, six con- 
junctival), and fourteen were not (six clean, 
eight with conjunctiva). 

The mean D. A. R. difference in all pairs 
was 46% ; the range of D.A.R. per cent 
differences for inflamed eyes was 6.1 to 60, 
and for uninflamed eyes it was 0.5 to 80. 


Absorption of Radiophosphorus by 
Ocular Tissue 


Any consideration of radiophosphorus 
detection must take into account, first, the 
nature of the emitted energy and, second, 
its absorption by overlying tissue. 

Since it emits only beta radiations, P%? 
must exhibit wide differences of energy 
(and therefore of penetrability) among its 
individual emissions. This is an example 
of the beta energy spectrum, and from it 
one may deduce that any beta source emits 
energies whose range extends from almost 
zero up to a definite maximum which varies 
with the isotope studied.15 Consequently, 
the P** emissions may be plotted accord- 
ing to the distribution of their energies 


Taste 6.—P" Uptake of Inflamed Extraocular Tissue 


ps 


ge/Gm., 


Range 


0.0002-0.0234 
0.0010-0.0090 


Bock Range 
0.011-0.936 


0.024-0.219 


Mean 
0.5430 
0.0840 
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Numbers of electrons 


0 2 


1 
(Mev) 


Fig. 3—Beta energy spectrum of radioactive 
phosphorus (P™). 


(Fig. 3). Such a plot reveals that the high- 
est energy for P® is 1.7 mev but that the 
number of these maximally penetrating 
emissions is very small. The frequently re- 
peated figure for tissue penetration of 8 
mm, refers only to these 1.7 mev emissions 
and is too high a value for the average P** 
emission energy, which is reported between 
0.685 and 0.70 mev.’**" 

An idea of the magnitude of ocular tissue 
absorption can be gained from this simple 
experiment: Three disks of human sclera 
were excised from a freshly enucleated eye; 
each was of 1 sq. cm. area. The disks were 
obtained from three separate areas of the 
globe; namely, adjacent to temporal limbus, 
beneath superior rectus insertion, and at 
the posterior pole. They were weighed and 
then placed in succession over the mouth 
of a narrow plastic cup containing 0.110ye 
of P**, The total activity of P** used here 
corresponded to that found in the first 
human tumor specimen described earlier 
in this report; the scleral disks were taken 
from this same eye. The scleral densities 
(mg/cm.?) and their -effects on counting 
results are shown in Figure 4. The over-all 
reduction of detectable radiation by scleral 
disks equalled about 66% of the counts per 
minute detected above the uncovered source. 
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T 
HUMAN 
34.5 I (Superior rectus insertion) 
300 58.3 II (Temprot limbus) 7 
80.1 II (Posterior pole) 
926 
146 
2 200 |- 
"100 + 


345 928 46 
SCLERAL DENSITY ~mgm/cm* 


Fig. 4.—This chart illustrates the reduction of 
recorded counts per minute which follows inter- 
position of varying scleral thicknesses between a 
Geiger tube and a 0.110uc P™ source. The count- 
ing geometry factor was 9.0% (see text). 


Comment 


The evidence upon which the reputation 
of tumor detection by P*® counting must 
rest is not all in. However, one thing about 
it is already reasonably clear: Conclusions 
which support the validity of an external 
counting technique appear to rest, to a great 
extent, upon several broad assumptions. Ex- 
pressed in their simplest form these are 
the following : 

1. Enough radiophosphorus enters the 
globe to assure accurate counting under 
clinical conditions, i.e., brief external Geiger 
probe counting. 

2. Extraocular tissue covering the eye 
does not attract sufficient radiophosphorus 
to obscure emissions arising within the 
globe proper. 

3. Scleral absorption does not significant- 
ly retard transmission of P** emissions 
from the choroid to the counting tube. 

4. The natural difference in P*? uptake 
between paired organs does not exceed that 
which occurs between a normal eye and 
a tumor-bearing one. 

5. Ocular inflammation causes increased 
P*2 uptake, but this is less than the uptake 
caused by intraocular tumor. 

Whatever the reasons, none of these as- 
sumptions has been proven substantially 
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correct; each could be dangerously mislead- 
ing. 

Theoretical as they may appear, these 
and similar considerations have aroused 
much interest here chiefly because they per- 
tain to some disturbing results obtained in 
our studies of both primary and metastatic 
ocular As an example, we have 
cited two instances wherein large malignant 
choroidal melanomas were associated with 
negative counting results and were found 
on assay to contain only 10 and 13 times 
as much radiophosphorus as the adjacent 
ocular tissue. Such a relative concentration 
is of the order found in primary brain 
tumor, and external counting results (1'*?) 
there indicate that it is not an easily de- 
tected one. 


tumors. 


With such low uptake in the ocular situ- 
ation, the opportunity for misdiagnosis 
using the hand-positioned probe is remark- 
ably good; any added limitations such as 
scleral absorption, inconstant geometry, or 
a short (one minute) counting time should 
further limit the reliability of such methods. 

Much more desirable, when one is deal- 
ing with small tumors, would be the uptake 
ratio found with I'*' in cases of thyroid 
malignancy (1000-10,000), but this is not 
possible with 

Prominent among the reasons for our 
disenchantment with the external Geiger 
counting technique has been the poor per- 
formance of the cured posterior pole Geiger 
tube '® (even when in direct contact with 
perforating malignant tissue; as in Case 1). 

In ascribing reasons for the low tumor 
uptake cited one hesitates to assume that 
malignant melanomas normally behave this 
way. Their rapid growth implies high 
mitotic activity, and this, says Marshak **.?* 
draws radiophosphorus into the nucleopro- 
tein of tumor in greater than usual amounts. 
It is of interest, however, that his reports 
do not deal with melanoma; nor, for that 
matter, do most other basic studies cited 
to support use of P** for ocular melanoma 
detection.*"® This problem, the uptake 


73 


of P* specifically by melanoma, is the sub- 
ject of a basic study now in progress. 

There is obvious need for tissue assay 
in studies of organ P** uptake, for without 
it one cannot be certain of the level from 
which externally counted emissions arise 
or, of greater importance, that all malig- 
nancies will exceed any other cause of in- 
creased uptake. 

Theoretically it is much more difficult 
than is usually realized to trace the in- 
ternal distribution of a beta energy source 
by external counting done over a small 
multilayered organ. There are limiting 
factors which arise both from the organ 
structure and from the nature of the beta 
emission itself, and several aspects of this 
problem have been considered in the fore- 
going study. Of greatest significance are 
those results which indicate that the specific 
ocular uptake of P** is very low and is, 
at least in the rabbit eye, significantly less 
than that of either conjunctiva or muscle. 

In theory this low ocular uptake might 
be explained by two factors: the amount of 
blood-borne isotope brought to the eye (a 
function of ocular blood volume and flow 
rate) and the per cent of delivered isotope 
that is retained therein (related to the in- 
tensity of mitosis [tumor] or phosphoryla- 
tion reactions [retina]). If it is true that 
the estimated ocular blood volume is only 
0.2 ml. and that most choroidal tumors 
are relatively small, it follows that the 
position of intraocular melanoma is a dis- 
advantageous one, 

A further reason for low ocular uptake 
is suggested by Palm,” whose work shows 
the rate of radiophosphate exchange be- 
tween blood and aqueous to be much lower 
than that expected when simple phosphate 
ion exchange occurs in other body tissues. 
In all probability such a delay is crucial in 
view of the known rapid fall of plasma P®* 
level after intravenous injection (98% at 
two hours 

Certain additional basic findings demon- 
strated in this study will require more 
statistical support. These are, first, the 
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wide differences in uptake noted between 
eyes of the same animal and, second, the 
role of scleral absorption on choroidal 
emissions. Should the 46% (mean D. A. 
R.) difference between eyes of a pair prove 
valid, there is need to revise the upper 
normal figure of 30% (as Palin and Tud- 
way suggest *°). 

The relation of scleral absorption to P** 
beta emission deserves further study. If, 
in fact, choroidal emissions are two-thirds 
absorbed by sclera and are numerically 
exceeded by conjunctival sources, the 
validity of external counting is suspect, 
especially at the one-hour interval. 

Taken singly or together, the foregoing 
limitations indicate a need for further justi- 
fication of present dosage and counting 
methods. If, as noted here, the contribu- 
tion of current methods to the detection 
of choroidal tumor does not outweigh that 
of routine clinical examination, the method 
might best be set aside until improved. 


Summary 


With data obtained from tissue assay, 
the P* differential absorption ratio 
(D. A. R.) and per cent of dose values were 
calculated for two eyes each containing a 
large malignant melanoma. The tumors con- 
tained only 10 and 13 times the radio- 
activity of adjacent posterior segment tis- 
sue. The curved Geiger counting probe ™* 
in these and other primary and metastatic 
posterior tumors did not indicate any in- 
creased P*? concentration in the tumor area. 

The mean differential absorption ratio 
obtained for a group of cleaned rabbit eyes 
(conjunctiva and muscle removed) was 
only 20% of the whole body average dur- 
ing the first 24 hours. Analysis of a second 
group of eyes on which extraocular tissue 
was retained indicated a fourfold increase 
of radiophosphate uptake at 1 hour but not 
at 24. 


When they were dissected and separately 
analyzed, however, the specific uptake of 
conjunctiva and muscle exceeded that of 
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the globe by a factor of about 25 at both 
one- and 24-hour intervals (Fig. 2). 

The effects of intraocular and extra- 
ocular inflammation on P** uptake were 
separately studied. Intracameral turpentine 
injections caused a severe uveal response, 
but this was not accompanied by an in- 
creased uptake of radiophosphate (Fig. 1). 
Subconjunctival turpentine injection also 
failed to evoke an increase of P® uptake 
above levels found for noninflamed eyes. 

When the difference in P*®? uptake be- 
tween opposite eyes was calculated in 26 
animals (13 inflamed and 13 normal), the 
average difference in mean D.A.R, was 
46%, and in some noninflamed pairs this 
figure exceeded 60%. 

Human sclera of three thicknesses ab- 
sorbed about 66% of the emissions of a 
subjacent 0.008uc P*® source. 

Discussion of these results deals with 
the need for further justification of present 
dosage and external counting methods, 


Ophthalmology Branch, National Institute of 


Neurological Diseases and Blindness. 
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Clinical Notes, New Instruments and Techniques 


Sponge Attachment for Epiphora 


P. THOMAS MANCHESTER Jr., M.D., Atlanta 


A simple method for relieving epiphora is 
the attachment of an absorbent sponge to 
the patient’s glasses so that it lightly touches 
the inner canthus. This should be beneficial 
for any type of tearing except in those cases 
which are due to inflammation. In patients 
with “crocodile tears,” facial palsy, or con- 
tracture of the lacrimal punctum a sponge 
may be useful. 

An interesting circumstance occurred in 
one patient with chronic epiphora who no- 
ticed that before use of the sponge her eye- 
lids and conjunctivae were irritated from 
constant rubbing with a handkerchief. Use 
of the sponge allowed the irritation to sub- 
side, and there was less tear production than 
before. 

A small wire loop can be used to hold 
the sponge, and this is then bradded or 
soldered to the glasses just behind the nose 
piece.* Any optician can attach the loop in 
a few minutes. Figures 1, 2 and 3 demon- 
strate the wire in use, 


Received for publication Dec. 10, 1956. 
* Made by Mr. E. F. Rudisill, Ballards Opticians, 
478 Peachtree St., Atlanta. 


Fig. 1—Wire loop attachment, posterior view. 


Fig. 2.—Wire loop attachment, anterior view. 


Most household polyester sponges become 
rather stiff when they dry out, making them 
unsuitable for pressing against the inner 
canthus of the eye. There is one sponge, 
however, which is very absorbent and which 
remains soft always.t It can be obtained in 
flesh color and is easily cut and rounded to 
the desired shape with scissors. A small 
notch in the center of the sponge will allow 
it to remain in the metal ring. Patients 
should be directed to wash the sponge in 
soap and water at regular intervals. 

478 Peachtree St., N. E. (3). 


+O-CEL-O Soap Dish, General Mills Inc., 
Buffalo, N. Y. 


Fig. 3.—Sponge in use. 
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Registry of Interesting Cases 


It is the purpose of this section to record cases on the basis of interest only. No complete 
review of the literature is attempted, and no claim for priority is implied except when spe- 
cifically stated. Publication of case reports is subject to the concurrence of the Editorial 
Board an the interesting aspects of the case. It is requested that the reports submitted be 


as brief as is consistent with inclusion of the pertinent facts, bear a title that is as specific as 
possible, be prefaced by a paragraph that states why the author feels the case is of interest, 
and be accompanied with photographs whenever possible. 


Severe Membranous Conjunctivitis with Recovery 


Membranous and pseudomembranous 
conjunctivitis has been reported occurring 
with a wide variety of organisms as the 
exciting cause. The B-hemolytic Strepto- 
coccus is one of the organisms often impli- 
cated. The following case is noteworthy 
because of severe corneal involvement and 
remarkable recovery. 


Report of Case 


A 12-year-old white boy was admitted to 
the Massachusetts Eye and Ear Infirmary 

Received for publication Dec. 3, 1956. 

From the Massachusetts Eye and Ear Infirmary, 
Boston, 


on May 7, 1953, with the history that four 
days previously he had awakened with a 
slight sore throat and a red, swollen left eye. 
There had been a slight discharge from the 
eye, and his vision was blurry from the 
onset. His eye became less red in a day 
or so, and the discharge decreased. There 
Was no improvement in vision. 

On admission the right eye was normal, 
with a vision of 20/30. The vision in the 
Mod- 


erate edema of both lids was present, and 


left eye was accurate light projection. 


the entire palpebral and bulbar conjunctiva 
was coated with a thick dry gray-white 
membrane. The cornea was insensitive and 


Figure 1 
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of marked ground glass appearance (Fig. 
1). An aqueous flare was dimly apparent, 
and there seemed to be a small sheet-like 
membrane in the upper nasal portion of the 
anterior chamber and across the lower half 
of the pupil. The left pupil was smaller 
than the right, but it reacted to light. Move- 
ments of the globe were slightly restricted 
in all directions. The membranes of the 
palpebral conjunctiva could be peeled off 
easily in one piece, with slight bleeding 
only. On the globe the membrane was 
densely adherent and could be removed only 
in small fragments, with marked discomfort 
and bleeding. There was no preauricular 
adenopathy. 

General physical examination disclosed 
that both nasal cavities were filled with 
yellow pus and that white patches were 
present on the septum and_ posterolateral 
wall of the left cavity. Small follicular 
patches the 
pharyngeal wall and in the right tonsillar 
fossa. The temperature was 99 FP, 
the mem- 
brane showed it to contain many poly- 


were present on posterior 


Microscopic examination of 


morphonuclear leukocytes and Gram-posi- 


tive diplococci. Cultures grew pure 
B-hemolytic streptococci. Cultures on Klebs- 


Loeffler medium were negative. Urinalysis 
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was negative. There were 14,900 WBC, 
with a normal differential count. 

Treatment with systemic penicillin and 
sulfisoxazole (Gantrisin) and local peni- 
cillin drops and ointment, bacitracin drops, 
and atropine was begun on admission, Two 
days later the membranes were as extensive 
as previously and at the limbus the super- 
ficial corneal layers were becoming necrotic 
(Fig. 2) despite the now negative cultures. 
Streptokinase-streptodornase ( Varidase ) 
ointment was added to the local treatment. 

Over the next 10 days the membranes 
gradually ceased to re-form over the con- 
junctiva when removed, but the superficial 
cornea became increasingly necrotic. By 
May 20, 1953, only a small residual mem- 
brane was present at the limbus and the 
entire conjunctiva showed many new vessel 
buds. The cornea showed a definite super- 
ficial loss of substance throughout and was 
densely infiltrated except for a small central 
area, through which, however, the anterior 
chamber was not visible (Vig. 3). 

The patient was discharged from the hos- 
pital on May 22, 1953, after two courses of 
intravenously administered typhoid vaccine, 
which seemed to produce no improvement. 


His visual acuity was then accurate light 
projection. 


He was instructed to use 1% 
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Figure 3 


atropine, 0.5% cortisone, and _ bacitracin 
drops at home. 


After discharge, improvement in the cor- 
nea was slow but steady. Convalescence 


was complicated by a bout of secondary 
glaucoma, which subsided permanently 
after about six weeks and left no residual 
field defect. Vascularization of the cornea 
accompanied disappearance of the infiltrate 
and smoothing of the surface. It was esti- 


mated that between one-quarter and one- 
third of the corneal substance had been lost. 

Eight months after the onset of the in- 
fection the visual acuity had improved to 
20/50 and the cornea had scattered areas 
of band keratopathy with continued slight 
surface irregularity. All treatment was then 
discontinued. 

One year after onset the conjunctiva was 
unremarkable. The cornea appeared lustrous 
and smooth, though thinned ( Fig. 4). Ghost 


Figure 4 
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vessels were apparent in the midstroma. 
Visual acuity was 20/40. The pupil was 
eccentric, presumably because of a uveitis 


which accompanied the acute infection. 

When he was last seen, two years after 
the initial there had been no 
change in the patient’s visual acuity or the 
physical status of his eye. 


infection, 


Summary 

A case of membranous conjunctivitis with 
necrosis of the cornea and the return of use- 
ful vision is reported. 

Photographs were made by Dr. David D. 
Donaldson, of the Howe Laboratory of Ophthal- 
mology, Boston. 

Ropert J. Herm, M.D. 
740 Main St., Waltham 54, Mass. 
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Annual Reviews 


Diseases of the Retina and Optic Nerve 


ROBERT W. HOLLENHORST, M.D., Rochester, Minn. 


As in other years, the literature on dis- 
eases of the retina and optic nerve was 
extremely voluminous in 1956. Most of 
the papers were concerned with further 
work on retrolental fibroplasia and the 
surgical repair of retinal detachment. Most 
of this subject matter was discussed in one 
or more papers. I have tried to include 
only those articles that I considered of 
particular interest published since the previ- 
ous annual review, written by Wagener." 


Retrolental Fibroplasia 


There seems little question that the efforts 
of the many workers doing research in this 
held have been richly rewarded. Although 
the mechanism of action of oxygen in pro- 
ducing the changes of retrolental fibroplasia 
has not yet been definitely ascertained, it 
seems clear that the reduced incidence of 
retrolental fibroplasia is due to curtailment 
of the use of oxygen for premature babies. 
Duke-Elder and associates* reported on 
1095 premature babies who weighed less 
than 4 Ib. (1800 gm.) and of whom 84 
(7.7%) had retinopathy. Of these, 39 be- 
came normal, but the remaining 45 (53% ) 
had severe loss of vision in one or both 
eyes (4.1% of the 1095 babies). During 
pregnancy, 115 mothers bled; 17 (14.8% ) 
of their babies had retinopathy. The 976 
mothers who did not bleed had only 67 
(6.9%) babies with retinopathy. The inci- 
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Section of Ophthalmology, Mayo Clinic and 
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dence of retinopathy was greatest when 
oxygen was used. Restriction did not in- 
crease the mortality rate. Among 344 babies 
for whom oxygen was not used, none had 
retinopathy. Of the 581 given oxygen for 
less than 5 days, 2 (0.3% ) had retinopathy; 
the 25 given oxygen for 40 days or more 
had a 64% incidence of retinopathy. Heal- 
ing of the retinopathy was not influenced 
by the length of time the infant was kept 
in oxygen or by the mode of withdrawal 
from oxygen. The time of onset of retinop- 
athy varied between 27 and 56 days, being 
longer the more premature the baby. Boyd 
and Hirst* measured the incidence of 
retinopathy among 6926 infants born in 
England and Wales in 1951. It appeared 
in 127 (1.83%) of those weighing less than 
4 Ib. 6 oz. (1985 gm.); in 2.8% of those 
weighing less than 4 Ib. (1800 gm.), and 
in 15.3% of those weighing less than 2 Ib. 
4 oz. (1020 gm.). No cases of the disease 
appeared among 797 premature infants 
born at home and not transferred to a 
hospital. Guy, Lanman, and Dancis* re- 
ported on 81 premature infants given little 
oxygen. None developed cicatricial retro- 
lental fibroplasia, and only three (4%) 
had vascular-stage These 
lesions later healed. This is in contrast to 
the control group of 36 infants who re- 
ceived large amounts of oxygen and among 
whom there were vascular lesions in 61% 
and cicatricial lesions in 22%. 


lesions. 


Kinsey, Jacobus, and Hemphill ® reviewed 
the cooperative study conducted in 18 hos- 
pitals on 786 infants, of whom 53 received 
routine oxygen administration and 533 a 


curtailed supply. The incidence of active 
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retrolental fibroplasia in the routine-oxygen 
group was twice that occurring in the cur- 
tailed-oxygen group, while the incidence of 
the cicatricial grade of the disease was three 
and a half times greater. The authors ob- 
served that even among the infants on 
curtailed oxygen there was an incidence of 
31.3% active retrolental fibroplasia in single 
births and of 41.7% in multiple births. 
There was an incidence of cicatricial retro- 
lental fibroplasia in 4.7% of single births 
and in 13.9% of multiple births. These 
figures contrasted with 70.2% and 83.3%, 
respectively, of active retrolental fibroplasia 
and 17.0% and 66.7% of cicatricial retro- 
lental fibroplasia among the routine-oxygen 
group. Even though oxygen unquestionably 
plays an extremely important role, the ad- 
ministration of it therefore is obviously 
not the complete answer in the pathogenesis. 
The symposium conducted at the 
national Congress by Ashton, Gordon, 
Szewezyk, Bedrossian, Carmichael, Ritter, 
and Locke ® discussed the relative import- 
ance of hyperoxia, hypoxia, and hyperoxic 
hypoxia. 


Inter- 


It is possible that the newborn 
infant has a greater tolerance for anoxia 
than has the adult. It is also possible that 
a state of relative anoxia may be normal 
and quite harmless to the premature baby.” 
Two of the six patients reported by Hol- 
lenhorst * may have developed retrolental 
fibroplasia because of severe anoxia. One 
infant was toxemic with multiple abscesses. 
The other was born to a mother who died 
nine days later of advanced cardiac disease 
and massive cerebral hemorrhage. Both 
received a curtailed supply of oxygen. 

Castrén ® wrote a monograph on the sub- 
ject of retrolental fibroplasia, reporting the 
examination of 723 persons born between 
the years 1937 and 1955, of whom two- 
thirds were premature and the other third 
full-term. The average age of each group 
was about 9 years. No differences were noted 
as to refraction, heterophoria, and color 
blindness. Six per cent of infants who 
weighed less than 2250 gm. at birth de- 
veloped strabismus. Only 2.3% in the full- 


Hollenhorst 


term group had this defect. Amblyopia 
occurred in 4% of 480 premature infants 
and in only 1.4% of full-term children. 
Twenty-six children had retrolental fibro- 
plasia. Of these, three weighed more thar 
2500 gm. at birth, but 20 weighed less than 
1750 gm. Twenty of the twenty-six had 
received oxygen therapy averaging 40 days. 
None of the 475 premature infants who had 
been selected for this study by birth weight 
alone and who had been treated in 
modern oxygen incubators had the disease. 
Eight patients with retrolental fibroplasia 
of nine who 
had the severest form of the disease. 


not 


received blood transfusions 


Greenhouse and Szewezyk"™ described 
a child with retrolental fibroplasia who had 
also a large hemangioma of the right side 
of the face. They discussed the somewhat 
higher occurrence of hemangioma among 
children with retrolental fibroplasia (14.3% 
of 26) than among those without retro- 
lental fibroplasia (7.9% of 256). Develop- 
ment of hemangioma seems unrelated to 
oxygen administration, 

Melanowski and Kobuszowski'! per- 
formed a pathologic examination of two 
eyes removed because of retrolental fibro- 
plasia and hydrophthalmos, These eyes 
showed aplasia of Schlemm’s canal, de- 
generation of the corneoscleral trabeculae, 
and proliferation of the connective tissue 
with formation of telangiectatic capillaries. 
It was suggested that this was all part of 
a generalized vascular dysplasia. 

Experimental Studies.—Hellstr6m has 
continued his extensive investigation of the 
effect of oxygen on the retina of experi- 
mental animals and has recently published 
a monograph '* based on the 10 papers he 
has written on this subject. The first three 
of these were reviewed in this section last 
year. His fourth to seventh papers have 
been published.*"* The last three are to 
be published and concern intense and pro- 
longed oxygen exposure, the behavior of 
succinic dehydrogenase in the retina, and in 


vitro metabolism of the retina. He con- 
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cluded on the basis of his own and other 
investigations as follows: 

Oxygen causes an inhibition of ,retinal vasculari- 
zation, and constriction and obliteration of already 
developed retinal vessels, Revascularization is fre- 
quently excessive and abnormal with prolifereting 
vessels of the nerve fiber layer budding into the 
vitreous body. This vasoproliferative phase oc- 
curs chiefly on transfer to air, but minor prolifera- 
tions may occur in oxygen, especially when lower 
concentrations are used. The vascular changes 
occur only in eyes with incomplete vascularization. 
The proliferative changes may be delayed through 
a process of slow weaning, but the other pathologic 
changes of the eye are not influenced. Among 
factors influencing both normal and pathologic 
vascularization is the state of nutrition. 

Hellstr6m found further that prolonged 
oxygen exposure causes atrophy of the 
inner layers of the retina. Oxygen does 
not seem to cause an enzyme inhibition or 
a primary metabolic disturbance, and gen- 
eral hypoxia seems to play no role. 

In an effort to try to clarify the relation 
of hypoxia to retrolental  fibroplasia, 
Habegger, Philbrook, Curley, and Ingalls '” 
subjected mice to daily hypoxic stresses. 
The pathologic changes produced in the 
eyes were remarkably similar to those pro- 
duced by hyperoxia and came on much more 
rapidly. Abnormal congestion, persistence, 
and proliferation of the branches of the 
hyaloid artery system could be demonstrated 
after either hypoxia or hyperoxia, if it 
was sufficiently severe and prolonged in 
the neonatal period. Michaelson showed 
apparently convincing evidence that new- 
vessel formation is related to oxygen defi- 
ciency or to some diffusible factor which 
appears in the Newly budding 
vessels in the retina arise on the vitreous 
side of vessels and on the side of the vein 
away from adjacent arterioles; in the cor- 
nea, on the side of the vessel nearest the 
site of injury, and in fistulas, on the side 
of the vessel away from the aqueous. 
Mercier '® gave chlorpromazine to 30 of 77 
premature infants to try to prevent retro- 
lental fibroplasia on the basis that guinea 
pigs were protected by this drug against 
pulmonary congestion at high oxygen con- 


tissues. 


746 


A, M. A. ARCHIVES OF OPHTHALMOLOGY 


centration, but there was no difference in 
the incidence of retrolental fibroplasia in 
the two groups. 

Kozuchowska found retinal hemor- 
rhages among 27% of 310 newborn in- 
fants within the first few hours after birth. 
Two-thirds of these hemorrhages were bi- 
lateral. Humblet, Cavrot, and Richard ?! 
found that such hemorrhages depended on 
the type of delivery, and that 10 mg. of 
vitamin K given to the mother twice daily 
during the last month of pregnancy dimin- 
ished the incidence. McNeil *? and Birge ** 
emphasized the frequency of myopia among 
prematurely born children. The former 
found this true even when no oxygen had 
been used or retrolental fibroplasia had 
been noted. The latter found the myopia 
residual to retrolental fibroplasia to be 
severe but not progressive, and it was often 
associated with strabismus, nystagmus, or 
optic atrophy. 


Retinopathy in Diabetes 


Tassman * recently published a complete 
exposition of the various ocular manifesta- 
tions of diabetes mellitus. It is not possible 
to abstract this article adequately, and it 
should be read in its entirety. Urrutia, 
Bitran, Bonnefoy, and Pinto*® examined 
433 diabetic patients and found 36% with 
diabetic retinopathy, only 6 of them with 
retinitis proliferans or glaucoma. In their 
opinion, retinopathy is related both to the 
severity and to the duration of the diabetes. 
Miratynska-Rusinowa and Lisiecka-Adam- 
ska ** found 142 (19%) cases of retinop- 
athy among 750 diabetic patients. This 
was unrelated to the duration of the disease; 
it was found mostly in subjects more than 
40 years of age, and more frequently in 
those having severe than in those having 
mild diabetes. Four of their patients who 
had chronic pancreatitis without diabetes 
had a retinopathy of the diabetic type. 
Dollfus 77 examined 1300 diabetic patients, 
finding 681 (52.4%) with ocular complica- 
tions, of which 569 (43.7%) were retinop- 
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athy. There were 89 cataracts, of which 
35 were diabetic and the others senile, and 
23 lesions of the nervous system (ocular 
muscle palsy or retrolbulbar neuritis). There 
was no case of lipemia retinalis. Of patients 
less than 45 years of age 70.5% were free 
of ocular complications, but all 35 patients 
with diabetic cataract were less than 50 
years old. Only 25% of those who had had 
diabetes less than 7 years had retinopathy, 
but those with more than 15 years of 
diabetes had an incidence of 75% to 88%. 
Dollfus found retinopathy to be commoner 
in the presence of a renal lesion than in its 
absence. 

Lundbaek** found 4% _ retinopathy 
among 246 patients with recently diagnosed 
diabetes. All were more than 40 years of 
age, and none had severe diabetes. Givner ** 
examined 286 children with diabetes and 
found only 6 (1.5%) who had diabetic 
retinopathy. Among these six, two had 
albuminuria and two had cataracts. Both 
of the latter were 15 years of age. Givner 
called attention to the role of hypoglycemic 
reactions in producing retinopathy or 
vitreous hemorrhage and advised that the 
blood sugar of patients with so-called brittle 
diabetes be maintained at a level sufficiently 
high to prevent such reactions. He has 
found no medication of value for diabetic 
retinopathy. Kornerup*® measured the 
visual acuity of unselected diabetic patients 
and found worse prognosis for those whose 
age of onset was later in life, worse for 
females, and worse when the blood pressure 
was elevated. Fischer *! discovered 17 pa- 
tients who had papilledema among 300 who 
had diabetes; the majority of these had 
nephropathy, and a few had increased intra- 
cranial pressure. 

Pathologic Physiology.—Quiroz and 
Sauter * believe that alterations in the veins 
are capable of producing an arteriolar 
spasm which, if sustained, may give rise 
to structural changes of arteriolosclerosis. 
These may later cause the retinal changes 
of diabetic retinopathy. Volk ** called at- 
Hollenhorst 


tention to the pathologic differences between 
the retinal lesions of diabetes and those of 
intercapillary glomerulosclerosis. He postu- 
lated that the latter may be closely asso- 
ciated with arteriolosclerosis appearing both 
in the kidneys and in the retina of patients 
with Kimmelstiel-Wilson disease, 
Kornerup ** found that G6thlin’s pete- 
chial index increases in diabetic patients 
with advancing age just as it does among 
nondiabetic persons. Of 376 patients with 
diabetes, 38.4% had diabetic retinopathy; 
the petechial index increased with the 
severity of retinopathy. Twenty-nine and 
five-tenths per cent had hypertension with 
retinal vascular disease; the index increased 
with the degree of retinal vascular change. 
Kornerup concluded that hypertension, 
diabetes, or both caused the increased pete- 
chial index. Results of therapy with rutin 
and allied substances were not convincing. 
Lerman and Pogell® found a 15% in- 
crease in the ag-globulin fraction of the 
blood serum in diabetics with retinopathy. 
There was no difference in the amounts 
of this fraction found in normal persons 
and in diabetic patients without retinopathy. 
These globulins are reported to contain 
large amounts of mucoprotein. Similar de- 
terminations on the serum of alloxan-dia- 
betic rabbits revealed no change after four 
weeks. One week after administration of 
8.3 mg. of cortisone daily, this globulin 
increased 17%, and after three weeks, 27%. 
The authors noted that, since this level of 
cortisone produces intercapillary glomerulo- 
sclerosis in rabbits, it appears that the in- 
crease in the ae-globulin fraction occurs 
simultaneously with capillary lesion forma- 
tion in human beings and rabbits. 
Morone * reported that there was a cor- 
relation between retinal complications and 
high glucosamine levels in the serum of 44 
patients with diabetes and that insulin 
favorably influenced the concentration of 
glucosamine. He also studied 7 the behavior 
of this substance in the vitreous mucoids 
of experimental diabetes and found a sim- 
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ilar parallel between vascular modifications 
and the behavior of these polysaccharides. 
Harris and Lerner ** found that the major- 
ity of diabetic patients with retinopathy 
had an increased urinary excretion of the 
melanocyte-stimulating hormone of the 
pituitary; diabetic patients without retinop- 
athy had a normal output. The excretion 
was likewise elevated among patients with 
retinitis pigmentosa, choroideremia, and bi- 
lateral enucleations, 

De Conciliis ® induced hypoglycemia in 
rabbits by insulin injections. In acute cases, 
the permeability of the blood-aqueous bar- 
rier was increased and the fundi showed 
dilated veins and hemorrhages. In chronic 
cases, these changes were even more evident 
and were accompanied by opacities of the 
lens, decreased retinal respiration, and 
He attributed these 
changes to a mechanical factor (muscular 
contraction) and to a vasodilator action of 
insulin, 

Therapy.—Fischer ® reviewed the entire 
history of therapy of diabetic retinopathy; 
he concluded that at present the trend is 
toward prevention by good diabetic control. 


vitreous hemorrhages. 


Lijé Pavia reported rapid improvement 
of vision in a patient with severe retinop- 
athy and macular degeneration when 3 
intraorbital and 10 subconjunctival injec- 


tions of 10 mg. of cortisone were given. 
Schimek * five patients with 
retinopathy in whom surgical hypophy- 
sectomy had no effect on the impaired 
vision, except for one patient whose vision 
improved slightly in one eye and another 
patient whose vision improved in one eye 
and became worse in the other. Malins * 
reported on six patients who underwent 
adrenalectomy, with no more convincing 
results, 


discussed 


Hypertensive Disease 


Elwyn ** reviewed and discussed his con- 
cept of the clinical and pathologic changes 
found among patients with benign: essential 
hypertension, with arteriospastic retinop- 
athy, and with malignant hypertension. 
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Birge * presented an outline of the ophthal- 
moscopic findings of hypertension and por- 
trayed the various factors concerned in 
making a valid diagnosis. He also stressed 
the importance of the polycythemic syn- 
drome in the production of retinal vascular 
occlusive disease. Sautter ** discussed the 
pathology, clinical findings, and therapy of 
the various forms of arteriosclerosis which 
affect the retinal vessels, following Bell 
and Friedenwald in his _ classification. 
Weigelin *7 expressed the opinion that the 
Keith-Wagener system of classification of 
essential hypertension is deficient in not 
separating patients with retinal vascular 
involvement and retinal hemorrhage (but 
without soft exudate) into a separate group. 
He proposed that these be designated Group 
III of Keith-Wagener, and he felt that the 
present Groups III and IV_ should be 
Groups IV and V, respectively. He came 
to this conclusion through measuring the 
distribution frequency of various blood- 
pressure Wagener,** in discussing 
the paper, agreed that such patients do seem 
to present certain features in common. 
Lij6é Pavia * called attention to the value 
of knowing the ratio of retinal to brachial 
diastolic blood pressures. A high relative 
retinal pressure (50% or more than the 
brachial) portends a poor prognosis for 
the hypertension. Miller and Audoueineix 
noted that 86% of patients who have 
malignant (Keith-Wagener Group IV) hy- 
pertension have a retinobrachial ratio higher 
than 50%, while 72% of patients with 
benign hypertension have a ratio less than 
this figure. The high ratios occur in an 
even greater percentage among patients who 
have retinopathy of glomerulonephritis. 
Kunitomo and associates ®' examined 237 
hypertensive and 457 normotensive patients 
with the ophthalmoscope and slit lamp, ex- 
amining the conjunctival, ciliary, and retinal 
vessels of each subject. In benign hyperten- 
sion the more marked irregularity in the 
vascular lumina was found in the con- 
junctival and ciliary vessels, but in malig- 
nant hypertension the severer changes were 


levels. 
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in the fundi. Normotensive patients had 
normal blood vessels in all locations, 

Sasamoto believes the acetylcholine 
test to be valuable in hypertensives. He 
found that the intensity and duration of the 
reaction were reduced parallel to the fundus 
changes and to elevation of the diastolic 
blood pressure. The reaction was reduced 
most in the Group IV patients, in whom 
the duration was less than 60 minutes, com- 
pared with the normal 90 minutes. 

Winter, Laron, and Michaelson™ pre- 
sented an interesting case of thallium 
poisoning in a 9-year-old boy in whom the 
retinal arterioles became extremely nar- 
rowed. The child had severe but transient 
hypertension. Even after the blood pressure 
returned to normal, the retinal arterioles 
remained narrow. The authors postulate 
that thallium may have a direct effect on 
the smooth muscle of the small blood vessels 
and that this effect may have produced the 
hypertension. Renal studies showed no ab- 
normalities of a degree sufficient to account 
for the hypertension. 

Hagans, Brust, and Ferris® studied 
patients with malignant hypertension and 
found that groups of patients with Grade 3 
and Grade 4 fundi had a similar mortality 
rate (87% and 88%, respectively). How- 
ever, the Grade 3 patients survived much 
longer (18.8 months) than the Grade 4 
(3.3 months), considering only patients who 
did not have uremia initially. These authors 
studied 64 patients with untreated malignant 
hypertension over an average period of four 
years. 

Kirby and Hollenhorst® reported on 
two interesting patients who had asymmetric 
hypertensive changes in the two fundi. 
The retina on the side ipsilateral to the 
ligated internal carotid artery had mild or 
absent hypertensive arteriolar changes, 
while the contralateral eye had changes 
commensurate with the degree of systemic 
hypertension. This is presented as evidence 
that retinal hypertensive vascular changes 
may be merely local manifestations in re- 


sponse to increase of pressure in the 
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ophthalmic artery. The ophthalmodynamom- 
eter indicated a notably lower retinal 
artery pressure on the side of the carotid 
ligation. 

Treatment of Hypertension —Newborg 
and Kempner ™ analyzed 177 cases of hy- 
pertensive disease with papilledema and 
treated 126 with the rice diet. On the basis 
of their findings they stated: 

Since most cases of malignant hypertension are 
preceded by known “benign” hypertensive vascular 
disease, malignant hypertension can now be re- 
garded as a preventable condition. Hypertensive 
disease, no matter how mild the symptoms, should 
be treated immediately and vigorously as soon as 
the diagnosis has been established. 

Volkova®* advocated 0.25% procaine 
(Novocain) hydrochloride injected into the 
retrobulbar tissues of patients with fundus 
He treated 31 
patients in this way two or three times at 
10-day intervals. He stated that the best 
results were obtained among patients who 
had sustained recent occlusions of the 
central retinal artery. In the late stages of 
hypertension the injection was ineffective. 


changes of hypertension. 


Retinal Vascular Occlusions 


Turner and Bowers,®* in an _ editorial, 
presented an interesting summary of the 
role of the minute blood vessels in various 
diseases such as diabetes, thrombotic throm- 
bocytopenic purpura, scurvy, and hyperten- 
sion. They showed that fatty cysts produced 
by alcoholic cirrhosis may actually rupture 
into the blood vascular channels and pro- 
duce emboli, thus perhaps accounting for 
the massive cotton-wool patches sometimes 
found in patients with cirrhosis, They 
called attention to the role of arterial spasm, 
focal ischemia, and increased permeability 
of brain capillaries as responsible for hyper- 
tensive encephalopathy. They noted that 
lipid material from an atheromatous ulcer 
might block small vessels and might actually 
be responsible for a renal artery occlusion 
and cause malignant hypertension. Sickle 
cells may occlude vessels. Fibrinogen 
thrown into the circulation, as in placenta 
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previa, may cause clots. The cryoglobulins 
may be responsible for retinal vascular 
lesions. They noted that minute vascular 
lesions, even if numerous, may give no 
clinical manifestations unless (1) the ves- 
sels lie in an area of high visibility (such 
as retina or skin), (2) the injured tissues 
are well supplied with pain receptors 
(joints), (3) small lesions give notable 
organ dysfunction (the central nervous 
system), or (4) injury gives useful labora- 
tory findings (such as microscopic hema- 
turia). 

Anatomic Studies.-Wybar™® made 
neoprene casts of the ocular circulation of 
17 normal human eyes by injecting neoprene 
latex into the ophthalmic artery and then 
digesting the ocular tissues with pepsin and 
trypsin. He found that several branches 
arise from the central retinal artery within 
the optic nerve and may form two types 
of uveoretinal arterial anastomoses: (1) 
between the central retinal artery and the 
arterial plexus of the pia mater surrounding 
the anterior part of the optic nerve and (2) 
between the central retinal artery and the 
intrascleral circle of Zinn. He suggested 
that these anastomoses are important in the 
sequence of events of central retinal artery 
occlusion and also in the results of treat- 
ment. He advised using oxygen to enable 
the retinal ganglion cells to survive the 
period when the retinal circulation is at an 
inadequate level, before reestablishment of 
the circulation by collateral channels. 
Shea “' found patent ipsilateral anastomoses 
between the ophthalmic and external caro- 
tid arteries in 91.8% of 49 perfusions of 
human cadavers and found patent contra- 
lateral anastomoses in 31.8% of 22 
perfusions. He stated that ipsilateral anasto- 
moses are functionally adequate to preserve 
vision in the event of planned occlusion 
of the ophthalmic artery near its point of 
origin. If reliance is placed on the contra- 
lateral anastomoses alone, the risk of visual 


loss seems considerably greater. Keeney - 


and Barlow ® have studied the problems of 


demonstrating the retinal vascular patterns. 
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in the albino rat, which are somewhat 
different from the problems involving hu- 
man eyes. They are best demonstrated by 
injection of India ink into the common 
carotid artery in the intact animal following 
perfusion of saline solution or purified 
water. 

Experimental Physiologic Studies.— 
Bettman and Fellows ® studied the blood 
volume of the vascular structures of the 
intact eye by using radioactive phosphorus 
incubated with red blood cells, previously 
withdrawn from a vein and then rein- 
jected. In this.way they could test the ac- 
tion of various substances on the blood 
volume. Varying the oxygen concentration 
of the inspired air produced no change, 
but inhalation of 10% carbon dioxide 
caused a marked increase in the blood vol- 
ume. Wudka and Leopold ®:® described 
their brilliant experiments on the choroidal 
vessels of the eye of the rabbit in two 
communications which should be read in 
their entirety. Staenglen® tested the hy- 
peremic effect of various drugs on the 
retinal arterioles and concluded that 
the phthalazines (1,4-dihydrazinophthala- 
zine |Nepresol] and hydralazine [Apreso- 
line]}) have the most active known 
vasodilating effect on the retinal vessels. 
Wethmar™ tested the effects of various 
drugs and showed that Combinstrol, a selec- 
tive combination of several _ nitrites, 
produces an immediate and lasting vasodila- 
tation. Methylenedioxybenzylmethylmethyl- 
enedioxyquinoline (Eupaverine) and tolaz- 
oline (Priscoline) given by the retrobulbar 
route were particularly effective vasodila- 
tors. Zahn and Simkova showed that 
intravenous levarterenol (/-norepinephrine } 
caused a significant increase in the retinal 
arterial pressure with a simultaneous nar- 
rowing of angioscotomas indicating in- 
creased blood supply to the retina. Mikuni ® 
stated that in the presence of retinal angio- 
sclerosis and retinal angiospasm the retino- 
brachial systolic pressure ratio is elevated. 
Francois and Verriest found that patients 
with various retinal vascular affections often 
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had central scotomas demonstrable only 
under scotopic illumination. Dobree™ 
measured the size of the retinal vessels in 
chronic simple glaucoma. He discovered 
that reducing the intraocular pressure from 
more than 60 mm. of mercury caused the 
vessels to narrow but, when the initial ten- 
sion was less than 50 mm. of mercury, 
lowering the tension had no effect on the 
caliber of the retinal arterioles and veins. 
He postulated a lack of oxygen or an excess 
of carbon dioxide acting on the vascular 
walls as the cause of the vasodilatation at 
high levels of intraocular pressure. 
Arterial Occlusions.—Abboud ™  discus- 
sed the treatment of retinal artery occlusion. 
He presented data on three cases, in two 
of which good visual improvement was 
obtained by retrobulbar injection, in one 
case with tolazoline and hyaluronidase and 
in the other with acetylcholine. Krasnov 
and associates ™ had 50 patients with hyper- 
tension and various retinal affections. The 
prothrombin index in 47 of the 50 was 
increased 112% to 280%. Thirty-eight 
patients also had elevated blood fibrin. 
Bishydroxycoumarin (Dicumarol) was 
given to 35 patients, aged 40 to 70 years: 
Sixteen of these had a central or branch 
vein thrombosis; eleven, an occlusion of 
the central artery; seven a spasm of the 
artery, and one, hypertensive retinopathy. 
Fifteen controls received no anticoagulant. 
The treated patients developed better visual 
acuity and had earlier absorption of hemor- 
rhage. Patz™* occluded the central retinal 
arteries of rats and noted that the inhalation 
of oxygen considerably increased the oxygen 
tensions of the inner portions of the retina. 
He found that the ganglion cell and bipolar 
layers had much less degeneration than did 
the retinas of similar animals in ordinary 
air. Three patients so treated one and one- 
quarter, four, and six hours after central 
or branch artery occlusion regained con- 
siderable vision under oxygen inhalation, 
but one patient seen four hours after onset 
obtained no improvement. This author also 
recommended sympathetic block, 
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massage of the globe, paracentesis, retro- 
bulbar block, and vasodilators, but he did 
not mention anticoagulants. Heer re- 
ported on a patient who had a central 
scotoma caused by retinal edema and pre- 
sumably an infarction of the papillomacular 
branch of the central artery. Bellavia 
and Klien discussed Jensen's juxtapapil- 
lary retinopathy, which in Klien’s opinion 
may in reality be a focal retinal arteriolitis. 

Kearns 7* reported a case of systemic fat 
embolism due to trauma in which a retinop- 
athy similar to Purtscher’s traumatic 
retinal angiopathy appeared. The diagnosis 
of fat embolism was made clinically, and, 
at necropsy, intravascular fat particles were 
demonstrated in the flat retinal preparation, 
This suggests that Purtscher’s traumatic 
retinal angiopathy and fat embolism of the 
retina may be the same entity. Pinder and 
Schmidt ™ reported on two cases of post- 
traumatic fat embolism of the retina, both 
with good recovery and with no permanent 
ocular damage. Schenk™ described two 
cases in which cotton-wool patches appeared 
in the retina several days after the common 
carotid artery was ligated as treatment for 
unilateral traumatic carotid-cavernous sinus 
fistula with proptosis of the eye on the 
involved This author found three 
similar cases in the literature. He postu- 
lated that the phenomenon was caused by 
passive venous congestion resultant 
serous extravasation. | am preparing a 
paper on similar retinopathy which appeared 
after common carotid or internal carotid 
ligation and also after spontaneous thrombo- 
sis of the internal carotid artery, in which 
the retinopathy almost certainly resulted 
from hypotension induced in the ophthalmic 
artery. Retinal artery pressures measured 
with the ophthalmodynamometer all showed 
a reduction of the diastolic level to near 
zero in the affected eye, with normal or 
elevated pressure on the side of the patent 
carotid artery. 

Temporal Arteritis.—Venturi® reported 
a single case. Bennett discussed six pa- 
tients who had sustained visual loss. In his 
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opinion, some recovery of vision occurred 
under treatment with cortisone, using 150 
mg. daily for one week, 100 mg. daily for 
one week, 50 mg. daily for one week, and 
finally 25 mg. daily for a variable period. 
He treated all patients with vasodilators, 
one with anticoagulants, and one with chlor- 
tetracycline (Aureomycin). Four of the 
six seem to have recovered a little vision, 
and none regressed. 

It is my opinion that the prevention of 
further visual loss is the most important 
consideration in therapy. Recovery of vision 
once the vision is lost is rarely of significant 
degree. Early diagnosis and therapy, there- 
fore, before visual loss has occurred, are 
imperative. I believe that the initial therapy 
should be started with at least 300 mg. of 
cortisone daily for 10 days to 2 weeks, 
followed by gradual reduction to 100 mg. 
daily during the next month, and then 
gradual reduction to a lower maintenance 
dose for a variable period. Vasodilators 
should not be used, but carbon dioxide and 
oxygen are valuable, and anticoagulants 
are indicated in the presence of recent 
visual loss. 

Venous Occlusions.—Klien and Olwin ™ 
surveyed the pathogenesis of retinal venous 
occlusions and then discussed the use of 
anticoagulants on 53 patients. They con- 
cluded that this treatment should be started 
immediately when a patient presents himself 
with a retinal venous occlusion or with an 
imminent occlusion, In Barsky’s ** opinion, 
both anticoagulants and steroid therapy 
should be used. Morgan ** advocated anti- 
coagulant therapy and mentioned a patient 
who was treated for a year with heparin, 
without success, but whose vision improved 
immediately after leeches were applied. He 
urged that research on hirudin might be 
worth while. Montagne * used 3-(1-phenyl- 
propyl)-4-hydroxycoumarin (Marcoumar, 
Roche), which has a _ prolonged action. 
Mikuni and Ibaraki *’ treated successfully 
five patients with insulin-free pancreatic 
extract (Padutin), a hypotensive drug, and 
observed a marked retinal vasodilatation. 
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Cuendet and associates ** reported the case 
of a 43-year-old man with recurrent throm- 
bosis of the central veins associated with 
multiple infections, polycythemia, thrombo- 
phlebitis of the legs, and hypersensitivity to 
penicillin and to old tuberculin but who had 
no improvement under treatment with 
aminosalicylic acid (PAS) and streptomy- 
cin. Smith **® discussed 14 patients and 
four pathologic specimens with both glau- 
coma and central retinal vein occlusion. He 
noted that glaucoma follows the occlusion 
and rubeosis iridis in the usual type of 
thrombotic glaucoma. He observed that oc- 
casionally the glaucoma occurs first and 
produces the central vein occlusion, and 
then later there may be a superimposed 
thrombotic glaucoma with rubeosis. 

Electroretinography.—Karpe and Ucher- 
mann *® stated that the characteristic elec- 
troretinogram of embolism of the central 
retinal artery is that designated negative- 
minus (where the a-wave is increased but 
the b-wave is decreased). This type of 
wave pattern indicates a poor prognosis. 
The electroretinogram is inappreciably af- 
fected by a branch embolism. A normal, 
subnormal, or negative-minus electroretino- 
gram is usual in the presence of a throm- 
bosis of the central retinal vein or branch 
vein. The prognosis for vision is fairly 
good with a normal or supernormal electro- 
retinogram but poor if the electroretinogram 
is negative-minus or subnormal. Henkes * 
reported a supernormal electroretinogram 
in patients who had hypertension with- 
out and a 
electroretinogram in patients who had 
arteriosclerosis without hypertension. He 
interpreted this supernormal response as 
indicating a raised irritability of the 
retinal neurons resulting from hampered 
oxygen supply following retinal vasocon- 
striction. The subnormal response is as- 
cribed to a _ totally insufficient 
supply. 


arteriosclerosis subnormal 


oxygen 


Vol. 57, May, 1957 


RETINA AND OPTIC NERVE 


Chorioretinitis in Toxoplasmosis 

The problem of making a definitive diag- 
nosis in each case of chorioretinitis con- 
tinues to be a disturbing one and has not 
been advanced appreciably during the past 
year. The participants in a conference on 
granulomatous uveitis, reported by Hogan,” 
concluded that the interpretation of dye-test 
results as related to ocular toxoplasmosis 
was difficult and inconclusive. They thought 
that a negative dye test in a child less than 
10 years of age would probably rule out 
toxoplasmosis. They considered the skin 
test of little value except as a screening 
device, and the complement fixation test was 
considered to be of no practical value. 
Therapy of suspected toxoplasmic uveitis 
with sulfadiazine alone and combined with 
pyrimethamine (Daraprim) showed vary- 
ing results. Sabin presented a very ex- 
tensive review of toxoplasmosis with 
particular reference to the eye. Burnham 
and Beuerman ® treated eight patients who 
had presumed toxoplasmic uveitis with 
sulfadiazine and pyrimethamine. Four im- 
proved rapidly, and four, slowly. Swan 
and French ® reported on a case of con- 
genital toxoplasmosis in an infant who had 
no convulsions but who had a high dye test 
titer and unilateral central chorioretinitis. 
The mother also had a high titer. Francois 
and associates *? enucleated an eye because 
of a progressively enlarging mass near the 
optic disk of a 3-year-old child. This proved 
to be a granulomatous lesion, which caused 
the authors to postulate toxoplasmosis, al- 
though no organisms were demonstrated. 

Straub ** summarized his experiments in 
producing toxoplasmic eye lesions in rabbits 
and guinea pigs and later wrote an excellent 
monograph ® on the subject. Arribas and 
Schlaegel,4°° Jacobs and associates,’' and 
Hogan and associates’? produced toxo- 
plasmic lesions in the eyes of rabbits, caus- 
ing very high dye test titers. The latter 
group of authors recovered viable toxo- 
plasmas from such tissues up to 10 months 
after inoculation. O’Connor'® described 
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the agar-diffusion technique as a method 
of detecting antitoxoplasma precipitins in 
the aqueous humor. Frenkel '* discussed 
the incidence of positive toxoplasma tests 
among patients with uveitis. He found the 
number greater than among the general 
population. 


The Retina in Various Systemic 
Diseases 


The retina is involved in so many systemic 
diseases that the tremendous literature can 
only be mentioned briefly here. Bennett ™° 
reported a comprehensive study of 332 pa- 
tients who had uveitis. He devised a 
classification based on three positive asso- 
ciations and has accordingly divided his 
cases into four groups: Group A includes 
uveitis associated with systemic disease of 
the collagenous or rheumatic type; Group B 
includes uveitis of purely local (ocular) 
origin, perhaps due to virus infection; 
Group C includes those who have systemic 
and ocular granulomatous disease, and 
Group D is made up of the unclassified 
cases. Among his patients there was not 
a single case proved to be due to tuberculo- 
sis, to brucellosis, or to infectious mono- 
nucleosis. He urged that expensive clinical 
investigation be replaced by accurate his- 
tory-taking and clinical study, for much of 
the routine of general examination in such 
cases is worthless. This concept is con- 
firmed by Edling,’* who studied the fre- 
quency of roentgenologic signs of sinusitis 
in patients with uveitis. He found sinusitis 
unimportant as a cause. Kimura’? re- 
ported that about 5% of patients in tubercu- 
losis sanatoria give a history of phlyctenule 
and 2.7% give a history of other ocular 
tuberculosis. In his opinion, the testing of 
the lactic acid coagulation has greater value 
than the blood sedimentation rate in the 
diagnosis of ocular tuberculosis. Dufour 
wrote an excellent monograph and showed 
21 well-documented cases of proved or 
probable systemic tuberculosis which had 
associated ocular lesions of tuberculosis. 
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Kraffel’ described a peculiar form of 
bilateral chorioretinitis of undetermined 
etiology in which tongue-like areas of this 
lesion extended out from the optic disks. 

Boase " recorded the first two reported 
cases of Coenurus cysts affecting the ocular 
structures. One was orbital and the other 
intraocular. These cysts develop from the 
ova of Multiceps multiceps, a common para- 
site of dogs, who get the disease by eating 
the brains of sheep afflicted with “blind 
staggers.” Couran and Waddy*" stated 
that many patients with ocular lesions of 
onchocerciasis had made a good recovery 
under treatment for five weeks with suramin 
sodium (Antrypol) in weekly doses of 1 
gm., given intravenously. 

Somerset and Sen '” searched specifically 
for leprous lesions of the fundus among 
224 lepers. They found two patients with 
small discrete nodules or pearls about 0.25 
mm. in diameter situated on the retina, 
exactly similar in appearance to the well- 
known iris pearls. Each patient had had 
the disease for at least 25 years. The lesions 
in one patient healed, while those in the 
other remained unchanged for six months. 

Torrents and associates ' made electro- 
retinograms on three hyperthyroid patients 
before and after treatment. The b-wave 
potential was elevated from the norma! 0.40 
mv. to a level between 0.48 and 0.70 mv. 
Treatment resulted in more normal levels. 
In myxedema the b-wave potential was 
lowered. In both states the duration and 
latent period of the b-wave were increased. 

Ocular Sarcoidosis.—Crick ™ found 33% 
among 63 
sarcoidosis with positive biopsies. Anterior 


ocular involvement cases of 
uveitis was the commonest lesion, occurring 
among 17 of the 21 cases, but only 5 of 
these were nodular. Thirteen had chorio- 
retinal lesions, characterized by multiple 
discrete rounded foci of inflammation : Some 
had chorioretinitis, and some had only 
retinitis. Often a characteristic round and 
woolly vitreous opacity appeared to settle 
on the retina in the lower part of the fundus. 
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Systemic administration of cortisone seemed 
to be the treatment of choice; streptomycin, 
aminosalicylic acid, and isoniazid gave dis- 
appointing results. In the discussion, D. G. 
James" stated that the Kveim test was 
positive in 72% of cases. Ainslie and 
James ™* noted that no eye signs are suffi- 
ciently characteristic to enable one to 
diagnose sarcoidosis and that other clinical 
or radiologic confirmation is necessary. The 
best diagnostic support comes from biopsy 
of skin lesions or enlarged lymph nodes. 
Eye signs were present in 28 of 100 cases. 
Morax ""7 discussed unusual ocular lesions 
of sarcoidosis and presented a patient who 
had a tumor of the optic disk, choroiditis, 
and perivenous nodules, together with sys- 
temic manifestations. Another patient had 
a sarcoid nodule compressing the optic 
nerve. Cross ''* reported on three patients 
with perivasculitis retinae among 23 patients 
who had ocular sarcoidosis; all three im- 
proved under treatment with subconjunc- 
tival or intratenon cortisone. 

Collagen Diseases.—Constantine 
troduced a symposium on the so-called dif- 
fuse collagen diseases, discussing the 
systemic manifestations of periarteritis 
nodosa, dermatomyositis, scleroderma, and 
disseminated lupus erythematosus. Zimmer- 
man 1° then reviewed the anatomy, phys- 
iology, and pathology of the connective 
tissue. Maumenee '*! discussed the ocular 
manifestations and called attention to the 
frequency of cotton-wool patches and 
hemorrhages in the retina, of papilledema, 
and of transudates and leukocytes in the 
choroid among patients with these diseases. 
Also he noted that such changes were ab- 
sent in rheumatoid arthritis and rheumatic 
fever, an observation previously recorded 
by Hollenhorst and Henderson."** Mau- 
menee further noted the occurrence of 
episcleritis and scleritis with periarteritis 
nodosa, rheumatoid arthritis, and dermato- 
myositis, and in the first two with sclero- 
malacia perforans, necrotizing scleritis and 
keratitis, and marginal corneal ulcers. 
Guyton '** reviewed the differential diag- 
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nosis, and Contardo,™* the importance of 
the ocular manifestations of these diseases. 
Leopold '*° terminated the symposium with 
a discussion of the therapy. The most impor- 
tant therapeutic agents are the steroid com- 
pounds, used locally, systemically, or both. 
He also considered the use of salicylates, 
gold, phenylbutazone, transfusion, antico- 
agulants, and roentgen therapy. 


Boeck !** called attention to the markedly 
diverse ocular manifestations of periarteritis 
nodosa in the eye. These stem from three 
major sources: (1) local involvement of 
the ocular and orbital arterioles, (2) similar 
lesions elsewhere in the body (kidneys and 
central nervous system), and (3) changes 
of undetermined origin. Garcin, Man, and 
Gruner '*7 showed beautiful colored photo- 
graphs of the histologic changes in the 
choroidal vessels of a patient who had died 
of this disease and had papilledema and 
exudative retinal detachment in each eye, 
but normal blood vessels. Kittel’s '** patient 
had bilateral central artery occlusion in a 
presumed case of polyarteritis nodosa. 

Cury, Breakey, and Payne '* described 
an interesting patient who had what the 
authors called “allergic granulomatous 
angiitis” involving the right eye and orbit. 
Clinically, this eye had uveoscleritis. The 
other eye had papilledema, which later sub- 
sided. This elderly patient had anorexia, 
loss of weight, severe weakness, and en- 
larged liver, eosinophilia, and an elevated 
sedimentation rate. Histologically, the eye 
showed the changes which prompted the 
designation of the disease. 


Miller ™° reported two cases of hypopyon 
uveitis characterized by obliterating angiitis 
and 


chorioretinal 
corresponded to the system of 
terminal vessels in the choroid. Papillitis 
and retinal hemorrhages were also present. 


periangiitis. Patchy 


lesions 


Zetterstrom and Berglund ™! observed 11 
children aged 13 years or less who developed 
systemic lupus erythematosus. Of the 11, 
three had papilledema, exudates, and hemor- 
rhages into the retina. 
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Unusual Vascular Diseases.—Appelmans 
and associates * reported a case of the 
pulseless (Takayashu’s) syndrome with the 
characteristic triad of (1) absent radial 
pulse, (2) retinal vascular changes, and 
(3) cataract. The disease is a progressive 
thrombosis of the carotid and subclavian 
arteries, hypercoagulability of the blood 
platelets, and, sometimes, an elevation of 
the blood platelets. Pinkham '* reviewed 
the 68 Japanese and 38 non-Japanese cases 
reported. The ocular findings are extremely 
interesting and include reduced retinal 
artery pressures, fragmentation of the 
retinal blood column, peripheral arterio- 
venous anastomoses, optic atrophy, large 
irregular veins, retinal hemorrhages, 
aneurysms of the terminal arterioles, cata- 
racts, mydriasis, iris atrophy, neovascular- 
ization of the iris and retina, and sludging 
of the conjunctival blood stream, The cases 
of this syndrome for the most part fall into 
two main groups: (1) those of syphilitic 
origin, with syphilitic aortitis, and (2) 
those caused by a nonspecific arteritis con- 
fined to young females, 15 to 38 years of 
age. The case reported by Trias De Bes 
and associates * had typical findings. 

Kimura, Carriker, and Hogan pre- 
sented an important paper dealing with 
the ever-disturbing problem of retinal vas- 
culitis and recurrent hemorrhage into the 
vitreous. They studied 21 cases clinically 
and examined another 19 eyes histologically, 
but they were unable to determine the 
etiology. They could not demonstrate either 
tuberculosis or other specific disease entities 
in the pathologic specimens. This study 
serves to reemphasize the inadequacy of our 
present diagnostic tests for this disease, The 
authors advocated treatment of selected 
cases of their “primary” type with anti- 
tuberculous therapy and treatment of the 
type secondary to iridocyclitis with steroid 
therapy, sometimes combined with anti- 
tuberculous medications. Vrangois and De 
Rouck ™® found that there is a normal elec- 
troretinogram in the early stages of peri- 
phlebitis retinae so long as there is no 
retinitis proliferans or detachment of the 
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retina. If the retina degenerates, the elec- 
troretinogram becomes subnormal, and all 
the more so as the degree of degeneration 
becomes worse. Franceschetti and Forni 7 
treated 11 cases of Eales’ disease by surface 
diathermy. Five eyes had not had a vitreous 
hemorrhage and eight had. All patients 
that were followed postoperatively had suc- 
cessful results except one, in whom iridocy- 
clitis developed eight months later. 

Blood Dyscrasias.—Kearns * discussed 
the changes in the retina of anemia, poly- 
cythemia, leukemia, purpura, sickle-cell 
anemia, disseminated lupus erythematosus, 
and infectious mononucleosis. Wasilew- 
ski * examined 33 patients given 297 trans- 
fusions. All had abnormalities of the blood. 
In 12 of them ocular hemorrhages devel- 
oped: They were preretinal in 11; retinal 
in 1, and 2 were mixed. Some patients 
had more than one hemorrhage. Brihaye- 
van Geertruyden ' saw cotton-wool patches 
in the retina of a patient with Hodgkin’s 
disease; on histologic examination these 
proved to be cytoid bodies and not lymphom- 
atous tissue. Cucco and Pende™! ex- 
amined 10 cases of multiple myeloma and 
found a high incidence of fundus changes 


consisting of retinal hemorrhages and 
choroidal lesions. They postulated that 
thrombocytopenia, disturbed coagulation 


time, and toxic endothelial changes caused 
the lesions. Bronstein '** presented path- 
ologic sections showing infiltration of the 
iris, choroid, and sclera with cells of mul- 
tiple myeloma, This seems to be the first 
such case reported. Apparently no ocular 
examination was done during life, and so 
the clinical manifestations are unknown. 
All other reports of ocular involvement 
have described retinal hemorrhage, toxic 
retinopathy, central vein and artery occlu- 
sions, papilledema, ocular nerve palsies, one 
case of intraocular plasma-cell tumor, 
orbital myeloma, and visual field defects. 
Danis, Brauman, and Coppez '* described 
two cases of multiple myeloma with cryo- 
globulinemia with dilatation and tortuosity 
of the retinal veins, diffuse hemorrhages 
and some cotton-wool patches, sludging of 
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the arterial and venous blood on compres- 
sion of the globe, and reduction of visual 
acuity. They ascribed these changes to the 


hyperproteinemia. Myerson and Stout !** 
and Ellis and Klotz ** discussed cryoglob- 
ulinemia and the ocular manifestations, 
which are essentially as already described. 
These authors reported one case with oc- 
clusion of a central artery, scleroderma, and 
gangrene of the digits. 

Degeneration of Elastic Tisswe.—Keith 
reported on a patient who had angioid 
streaks associated with pseudoxanthoma 
elasticum, and he reviewed the literature 
on the subject. He stated that 59% to.87% 
of patients with angioid streaks have asso- 
ciated pseudoxanthoma elasticum and 9% 
have osteitis deformans (Paget's disease). 
Eight per cent of patients with the latter 
disease have angioid streaks. Liegl re- 
ported on a 12-year-old patient who had 
pseudoxanthoma elasticum and multiple 
pigmented drusen in each eye, but no an- 
gioid streaks. Valenzuela Encina’s '** case 
had no systemic disorder associated with 
the angioid streaks. Bischler '® described 
a fundus picture consisting of many fine 
whitish-yellow or greyish-brown dots which 
either cover the fundus evenly or are re- 
stricted to circumscribed areas. These are 
caused by thickening of the cuticular layer 
of Bruch’s membrane with localized loss 
or accumulation of pigment. Similar lesions 
are seen and described in association with 
angioid streaks and with or without systemic 
elastorrhexy. She described three cases. 

Diseases of the Nervous System.—Renard 
and Brégeat ' reviewed seven cases with 
atypical vascular anomalies of the retina 
and noted an association with vascular 
anomalies of the brain, viscera, and skin. 
Dollfus,"' in discussing this paper, also 
presented seven similar cases. Doden and 
Adams "2 examined 947 patients with 
periphlebitis retinae. The morbidity from 
multiple sclerosis was 0.5%, in comparison 
with the morbidity of the mean population 
(0.4%). Twenty per cent of 80 patients 
who had multiple sclerosis had sheathing of 


Vol. 57, May, 1957 


| 


RETINA AND OPTIC NERVE 


the veins, but no extensive hemorrhage -or 
proliferation, and thus differed from pa- 
tients with periphlebitis retinae. None had 
either intracranial hemorrhage or throm- 
boangiitis obliterans, but 96 of the 947 
had a variety of neurologic findings. 
Orban observed perivenous sheathing 
among 21 of 50 patients who had multiple 
sclerosis. Schwab *™ listed seven patients 
with tuberous sclerosis, of whom five had 
retinal tumors. One patient had both a 
tumor of the disk and three chorioretinal 
scars. 

Leipert described a most interesting 
34-year-old woman who reported for 
therapy of cachexia and other signs of 
Sheehan’s syndrome. At admission the eyes 
were normal, but the following day she had 
lipemia retinalis. Total blood fats were 
4.4%. In the right eye, at the same time, 
there appeared a markedly cloudy aqueous, 
which was found to contain 10% fat. Heal- 
ing occurred under treatment with thyroid 
hormone and a fat-free diet. The diagnosis 
was hyperlipemia due to secondary hypothy- 
roidism in the course of Sheehan’s syn- 
drome. 

Reynon and Masbernard’® observed 
severe hypertensive angiospastic retinop- 
athy in a patient who had acute intermittent 
porphyria. The fundi returned to normal 
when the general signs of the disease re- 
ceded. The authors suggested that the 
neurologic and clinical manifestations could 
be on a vasospastic basis. 

Remky '* measured the retinal artery 
pressure with the ophthalmodynamometer 
and noted an increase of pressure when the 
patient changed from the sitting to the 
supine position. This was more marked in 
the young than in the old, was minimized 
by epinephrine, and was almost absent in 
hypertensive patients. Lifting a weight 
caused an increase in the pressure, while 
rotating the head caused a unilateral rise. 
Bailliart ** and Paufique and Moreau 
discussed the syndrome of isolated cerebral 
orthostatic hypotension manifested by vague 
headaches, dizziness, or fainting spells and 
diagnosed by noting the fall of the retinal 
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artery pressure to hypotensive levels on as- | 
suming the sitting or standing positions. 
The latter administered distilled water intra- 
venously as the therapy of choice. 

Puig Solanes'® summarized and dis- 
cussed 14 cases of Vogt-Koyanagi disease 
and reviewed their clinical aspects. 


Retinal Detachment 


McLean and associates '* in a symposium 
discussed the problems of diagnosis and 
surgical treatment of retinal detachment, 
with emphasis on some of the practical 
points in the therapy of this condition. 
Thiel '*? made measurements of the situa- 
tion and form of the ora serrata and de- 
scribed the physiologic and pathologic 
peripheral cystoid spaces. Samuels ' 
showed that these spaces are actually con- 
nected together like a string of pearls. 
Fison'® and Brockhurst discussed in 
detail the techniques and advantages of 
using indirect binocular ophthalmoscopy. 
Verhoeff * commented on the clinical por- 
tent of “Moore’s lightning streaks” and 
expressed the opinion that the typical phe- 
nomena described by Moore come from 
shrinkage of the vitreous. If no retinal 
separation is found at examination, there 
is little danger of its developing later. 
Mundt and Hughes investigated the 
ultrasonic “reflectoscope” and decided that 
it might have value in differentiating simple 
serous detachments from those due to 
tumors or hemorrhage, but they made no 
claims for it. Graupner’™* reported cases 
of vitreous hemorrhage in which he found 
retinal tears causing the bleeding. In all 
cases there was marked cystoid degenera- 
tion. Marchessi'® noted a similar case. 

The subretinal fluid was analyzed by 
Alajmo,'” who found histamine in three 
of four cases; by De Vincentiis,!™ who 
confirmed the presence of cholinesterase, 
and by Dorello,’7* who did electrophoretic 
studies. Dorello found that the higher the 
protein content the more the electrophoretic 
pattern resembled that .of .the-plasma.He 
concluded that the protein in the subretinal 
fluid is derived from the blood, 
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Etiology of de- 
scribed retinal breaks in three eye-bank 
eyes. The round holes had a single strand 
of vitreous attached to the operculum, but 
the edge of the hole itself was free from 
vitreous attachment and retraction. The 
extreme end of the flap of the horseshoe 
tear was pulled back by a vitreous adhesion. 
The inner limiting membrane halfway to 
the ora serrata was tented up by multiple 
adhesions. The posterior edge of the 
horseshoe tear showed no evidence of 
vitreous attachment. Hagedoorn and Sie- 
ger'’* presented most interesting photo- 
graphs of congenital retinovitreal adhesions 
which, they postulate, may be concerned in 
the formation of flaps and opercula in cases 
of idiopathic as well as other forms of 
retinal detachment. Michaelson’  dis- 
cussed a series of cases showing foci in 
which retinal holes were preceded by a pig- 
mented choroidopathy and then by local 
retinal phlebosclerosis. 

Prewitt '™ reported a case in which 
idiopathic retinal detachment occurred in 
a patient with peptic ulcer, gastritis, pyloro- 
spasm, a heart attack, and other disturb- 
ances. He suggested that the detachment 
was due to mental stress in a person with a 
high somatic sensitivity. Lincoff, Wise, and 
Romaine !77 described three interesting 
retinal detachments, all of which occurred 
following the iridocyclitis accompanying 
herpes zoster ophthalmicus. In one patient 
a hole was found and treated. There was a 
tendency to spontaneous reattachment in 
all three cases. In the authors’ opinion, the 
detachments arose from exudative choroid- 
itis, 

Ourgaud and Bérard '™* noted that, when 
the retina was detached and the eye was 
hypotonic, fluorescein disappeared more 
slowly from the anterior chamber than 
when the eye was normal, After operation, 
such an eye usually had a return to normal 
tension and to normal fluorescein elimina- 
tion. The authors discussed the impairment 
of production of aqueous, reduction in the 
coefficient of resistance to outflow of aque- 
ous, and increased permeability of the blood- 
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aqueous barrier, all of which are noted 
with retinal detachment. They described 
the difficulties of management of patients 
with both glaucoma and retinal detachment. 
Nesserov ' reported successful diathermy 
in a case of this type; the postoperative 
period was complicated by an attack of acute 
glaucoma, 

Jaeger reported on an_ interesting 
family tree in which one parent and three 
of his seven children had bilateral oblitera- 
tion of the peripheral branches of the 
inferior temporal vessels. In one patient 
this led to a disinsertion of the retina and 
retinal detachment at the ora serrata. 
Frey **' successfully did diathermy on the 
bilateral retinal detachments with symmetri- 
cal disinsertion which occurred in two 13- 
year-old boys. 

Pau '*? examined histologically two eyes 
with recent detachment. The degenerated 
areas in the retina proved to be thinned 
retina in which true retinal elements were 
replaced by vascular connective tissue and 
pigment epithelium. Vitreous strands were 
attached to the peripheral and posterior 
margin of the sclerotic area, and the tear 
occurred at its posterior margin. 

In Abboud’s '** opinion, the retinal de- 
tachment caused by the instillation of 
isoflurophate (DFP) is due to severe con- 
gestion of the uveal tract leading to transu- 
dation of fluid between the choroid and 
retina. The ciliary muscle then pulls on the 
retina and perhaps ruptures a cyst in the 
peripheral retina. In Weekers and La- 
vergne’s ** opinion, the traction exerted 
by the ciliary muscle is the major cause. 

Experimental Surgery.—Asbury and 
Vaughan '* described experimental scleral 
surgical procedures on 14 monkey eyes, 
including lamellar scleral resection (with 
and without diathermy), full-thickness 
scleral resection (single and multiple), and 
the scleral buckling operation of Schepens 
(with and without diathermy). The eyes 
were later enucleated and examined histo- 
logically. No retinal detachments were 
produced before or after operation. The 
authors considered the monkey a very satis- 
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factory animal for experimental scleral 
surgery. In both types of scleral resection, 
the inflammatory reaction was sufficient to 
cause chorioretinal adhesion. No conclu- 
sions were reached procedurally. 

Everett * carried out a comparative 
study in healthy rabbit eyes of the four 
basic shortening operations in use today: 
penetrating scleral resection, lamellar- 
scleral resection, lamellar-scleral resection 
with polyethylene tubing, and the scleral 
fold. He favored the scleral fold. In a 
later paper ‘8? he described two modifica- 
tions of the original technique; he aban- 
doned the separation of choroid and sclera, 
and he excised the top of the scleral fold. 
Dellaporta ** performed a scleral buckling 
operation and incorporated polyethylene 
tubing in the eyes of dogs, producing a 
permanent cylindrical protrusion of the 
sclerochoroid and retina into the interior 
of the eye. He advocated a scleral resection 
in the area into which the tube was to be 
inserted. This would prevent unfolding of 
the scleral fold. 

Capper and Leopold showed experi- 
mentally that both hypotonia and trauma 
to the sclera were necessary to produce 
serous detachment of the choroid. Linnen 
and Hammers ™ found that choroidal de- 
tachment more frequently followed repeated 
trauma than single traumatic incidents. 
Dyster-Aas and Krakau'' carried out 
diathermy of the retina with a transbulbar 
minute electrode. They suggested the ap- 
plicability of the method to therapy of 
Eales’ disease and to cauterization of 
choroidal melanomas and to remove non- 
magnetic intraocular foreign bodies. No 
human eyes were used. Knoll ? measured 
experimentally the amount of heat and 
scleral shrinkage, and their effect on the 
intraocular pressure, produced by electro- 
surgical treatment. 

Prognosis—Shipman and Luce re- 
ported on 606 patients with retinal detach- 
ments and found that 12.4% of the 
detachments were bilateral. This approxi- 
mates the averages of 15 other authors 
whom they cited. They stressed the im- 
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portance of making every effort to preserve 
the vision of the eye with the initial detach- 


ment. Odic and Nectoux' found that 
among 310 patients with retinal detachment, 
of whom there were records in the files of 
the Parisian Social Security office, 243 had 
less than 0.1 vision. Such preponderance 
of poor vision was ascribed to the severity 
of the cases registered and to the low 
standard of living of the subjects. 

Funder '° investigated the fate of 92 pa- 
tients who lost all vision in one eye from 
idiopathic retinal detachment. The average 
follow-up was four years and seven months. 
Only 28 of the 92 patients retained a 
healthy remaining eye. Nearly one-third 
of all the patients (29 patients) became 
completely blind, and, of these, 19 were 
blind from bilateral detachment. Ten had 
uncomplicated aphakia, nineteen had ex- 
tremely high myopia, twenty-six had idio- 
pathic retinal detachment, and nine had 
some other disease. Funder™®® reported 
89 cases of aphakic retinal detachments, In 
his three papers he noted that the incidence 
is increasing because of longevity and is 
greater among men than among women and 
that many detachments are delayed several 
years in their onset. Discission of juvenile 
cataract favors retinal detachment. Funder 
prefers diathermy combined with eyeball- 
shortening as the best procedure. 

Results of Surgical Treatment.—Tau- 
bitz 7 used only Weve’s diathermy coag- 
ulation and obtained 53.5% reattachments 
among 206 detachments. Thirteen of forty- 
four total detachments and ten of nineteen 
aphakic detachments were cured. Klomp ™ 
used only diathermy and cured 60.1% of 
713 patients. Repeated operations were 
necessary in 89 patients. Only 26 cures 
were obtained among 76 patients with no 
detectable retinal holes. Ten patients were 
treated with a complete circular barrage; 
five of these were cured. Vom Hofe '” 
noted 106 recurrences among 573 opera- 
tions. In 27 the tear was extensive and had 
not entirely closed; 12 of these were cured. 
In 55 new tears appeared; 12 were cured. 


759 


‘te 


Of 18 eyes on which operation was per- 
formed three times, only 4 were cured. 

Asbury and Vaughan * found that 64% 
of 103 patients on whom operation was 
performed in a_ teaching hospital were 
cured, in contrast to 75% of cures among 
376 patients on whom private ophthalmolo- 
gists operated. If the latter surgeons did 
not include patients who had previously 
undergone operation elsewhere, the cure 
rate was 81%. 

obtained successful reattachment 
in half of 21 cases of unfavorable retinal 
detachment, using lamellar scleral resection 
combined with diathermy closure of the 
retinal hole. Shapland 7 asserted that the 
operation of lamellar scleral resection im- 
proves the over-all prognosis of operations 
for detachment by some 15%. Hruby 
reported 62% cures among 50 unfavorable 
cases in which the method of combined 
diathermy and penetrating scleral resection 
was used. Nataf and associates? and 
Schiff-Wertheimer and associates °° advo- 
cate scleral resection only for difficult cases 
or as a last resort. 

Colyear and Pischel presented an in- 
teresting group of 26 cases in which retinal 
tears were found but no retinal detachment 
had occurred. In 40% of these a detachment 
did not develop within the period of ob- 
servation; in 20% detachment did develop, 
and in 40% prophylactic operation was suc- 
cessful. The authors recommended the 
latter course as the procedure of choice. 
The majority of the group in which the 
retina did not detach had a freely floating 
operculum in the vitreous or had an old 
chorioretinitis, and all had only a single 
tear. All those whose retina did detach had 
tears above the horizontal, and all but one 
had vitreous adherent to a flap of retina 
which remained attached to the margin of 
the tear, 

Surgical Techniques.—Arruga*” stated 
that it is always difficult to know when to 
operate and what type of operation to use. 
He does surface coagulation in recent de- 
tachments with a small tear, but in recent 
detachments with multiple tears he waits 
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and lets the retina settle maximally and 
then does surface diathermy. If the retina 
does not settle, he treats the patient with 
antibiotics and corticosteroids for 15 days 
and then does surface coagulation. If this 
fails, he waits for three weeks and does 
scleral resection and diathermy. In all de- 
tachments with extensive tears he does 
scleral resection above and behind the tear. 
He uses air in the vitreous routinely.?* 
He uses light diathermy over the macular 
area when there is a hole in the macula. 
Marin-Amat ” recommended extensive and 
intensive diathermy coagulation in otherwise 
inoperable cases to impair the secretory 
function of the choroid and to cause scleral 
shrinkage. 

Jayle?" described a modification of the 
lamellar sclerectomy by making a_ thick 
wing-shaped scleral flap and then accom- 
plishing the scleral shortening by mattress 
sutures inserted at the hinge of the flap and 
pulled through the limbal lip of the incision. 
Of 20 cases in which operation was per- 
formed, there were 13 reattachments, 4 
partial reattachments, and 3 failures. Cham- 
lin and Rubner?" presented an ingenious 
method of producing scleral buckling by 
incising nearly through the sclera in out- 
lining a strip one-third to one-half the 
circumference of the globe and 5 mm. in 
width. They then undermined this strip 
on both sides, after which the strip con- 
tracted to a width of 1.5 mm. After aspira- 
tion of subretinal fluid and such diathermy 
as was necessary, the two edges of intact 
sclera were approximated so as to bury the 
isolated strip and thus buckle the sclera. 

Meyer-Schwickerath ?!* continues his in- 
vestigations on treatment of retinal detach- 
ment by light-coagulation. He first reported 
this in 195475 and most recently?" pre- 
sented statistics on its use for various types 
of retinal disease commonly treated by 
electrodiathermy. He reported successful 
iridotomy with it. 

Complications and Side-Effects of Sur- 
gery.—Colyear and Pischel 7 surveyed 
440 patients with retinal detachments and 
cured 75.5%. Of those on whom operation 
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had been performed unsuccessfully else- 
where previously, 45.1% were cured. Pa- 
tients on whom the primary operation was 
done by the authors had a cure rate of 
81.1%. Poor results emanated from failure 
to close the original tear, failure to locate 
the original tear or tears, and the later de- 
velopment of other tears after apparently 
successful operation. Swan, Christensen, 
and Weisel?" examined for evidence of 
choroidal detachment 32 patients on whom 
operation for retinal detachment had been 
performed. Fifteen of eighteen treated by 
scleral imbrication and diathermy, three of 
nine treated by diathermy and removal of 
subretinal fluid, and none of five treated by 
surface diathermy had a choroidal detach- 
ment. All in whom this developed were 
hypotonic, and in every such case there was 
a flattened sclera induced either by heat 
shrinkage or by imbrication. Dellaporta ?" 
described severe hypotonia which developed 
after successful intracapsular operation for 
cataract and later cyclodialysis or choroidal 
detachment. This was followed by papil- 
ledema a month later and by circumscribed 
macular edema and fine subretinal pigment 
lines in the nasal fundus of three of the 
four eyes. Follow-up showed that the 
hypotonia caused the macular changes but 
that degenerated vitreous and advanced age 
probably played a precipitating role. Maggi 
Zavalia and Zurbriggen ?"* found a definite 
hypesthesia or anesthesia of the cornea over 
its whole surface or in the quadrant cor- 
responding to previous scleral resection. 
This was present in each of eight patients 
and persisted in some as long as a year and 
in one patient gave rise to a severe corneal 
ulcer. 

Badtke ?* reported on 11 patients whose 
one eye was enucleated for a suspected intra- 
ocular malignant lesion. In these, a uveal 
hemangioma was found in five, a massive 
subretinal hemorrhage in one, subretinal 
connective tissue in three, tuberculoma in 
one, and a retinal detachment with melano- 
sis in one. A 12th, whose eye was not 
enucleated, proved to have an intraocular 
foreign body with a connective tissue reac- 
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tion aroun’! it. Bettman and Fellows *° 
discussed the differential diagnosis of dark 
lesions of the posterior fundus. Dahlberg- 
Parrow **! presented data on three cases of 
bilateral pseudoglioma which appear due 
to a primary retinal dysplasia, inherited 
by recessive and sex-linked transmission. 
These patients all had grave mental defi- 
ciency. Reese and Jones *** described and 
illustrated seven cases that they considered 
to be cases of benign melanoma of the 
retinal pigment epithelium. One pathologic 
specimen was obtained. This showed ex- 
cessive retinal pigment epithelium, and in 
the choroid beneath the site of the redupli- 
cated epithelium the melanoblasts were also 
more pigmented. The authors considered 
them to be congenital lesions. Halldén 2** 
reported on a malignant melanoma of the 
choroid in which the initial sign was a 
retinal detachment with severe scleritis and 
fibrinous exudate on the detached portion 
of the retina. Diagnosis was made by 
subretinal paracentesis after the scleritis 
had subsided. 

Eoche-Duval, Hervouet, and Lenoir 
described a meningioma involving the 
posterior pole of a microphthalmic eye. 
This tumor enlarged and detached the 
retina. Histologic examination showed an 
intrachoroidal mixed-cell meningioma with 
psammoma bodies, continuous with a similar 
tumor of the optic nerve sheath. The 
authors postulated a possible intraocular 
origin. Nover **° reported on a small num- 
ber of patients who had several types of 
primary malignant lesions occurring in the 
eye and other parts of the body simul- 
taneously. McLean *** reported on three 
patients who had retinal tumors of glial 
nature, probably a manifestation of tuberous 
sclerosis; however, the tumors did not have 
a typical mulberry appearance. All these 
eyes were examined histologically, and the 
retinal tumors were glial tissue. 

Vogel and Naib**? described the char- 
acteristics of growth of a rabbit neoplasm 
(Vx2 carcinoma) transplanted into the 
rabbit fundus. They recommended this 
neoplasm as an experimental tool to evaluate 
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methods of treating intraocular neoplasms. 
Their material was transplanted into the 
subretinal tissues. They found it necessary 
to irradiate a wide area about the tumor to 


accomplish complete destruction. Cautery 
was effective only if the body of the tumor 
and a wide border about it were thoroughly 
coagulated. Chemotherapy (mechlorethamine 
[HNe] or triethylene melamine [TEM]) 
was more effective combined with cautery 
than was either chemotherapy or cautery 
used alone. 

Terner, Leopold, and Eisenberg *** re- 
ported on 262 cases of ocular lesions in 
which radioactive phosphorus (P**) uptake 
studies were done. Tests were made | hour 
and 24 hours after injection of the radio- 
isotope. The test was considered positive 
when there was more than 30% greater 
than normal uptake in 1 hour and an 
increase beyond the 1-hour calculation in 
24 hours. There were intraocular lesions 
in 233 cases; the remainder were adnexal. 
Three false-positive tests were obtained 
among the group of inflammatory lesions, 
three false-negative tests among 30 cases of 
intraocular malignant melanoma, and _ five 
false-negatives among 6 cases of retino- 
blastoma. One false-negative test occurred 
among the 29 adnexal lesions, in a case of 
basal-cell epithelioma of the eyelid. The 
authors consider the method to be of defi- 
nite value. Owens, King, and Wells **° and 
Palin and Tudway* concur, and they 
likewise believe the 24-hour count to be 
most significant. 

Retinoblastoma.—Herm and Heath **! 
reviewed 176 patients with retinoblastoma 
observed during the period 1897 to 1951. 
Of these, 79 could be adequately followed. 
In 25% of the 79 the lesions were bilateral. 
The mortality rate in the bilateral cases 
was 21%, and in the unilateral cases it was 
23.2%. The survival rate before 1930 was 
66.7%, and since then, 79.5%. Bilateral 
lesions were more frequent among the 
children of survivors. Tumors with rosettes 
invaded the optic nerve as frequently as 
those which had no rosettes. The latter 
more frequently entered the choroid or had 
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extrascleral extension. No such patients 
survived. Reese and associates ** treated 
35 patients with bilateral lesions by enu- 
cleating the more involved eye and treating 
the other with triethylene melamine and 
irradiation. Of the 35, there were 19 who 
had satisfactory improvement. Eight lesions 
responded well for a time and then after 
6 to 18 months began to grow again. The 
combined therapy seems better than the 
irradiation alone. Nonnenmacher ?** saw 
22 unilateral and 8 bilateral cases. He 
treated them with enucleation and irradia- 
tion. 

Nover and Oehlert described metas- 
tases from a unilateral retinoblastoma to 
the brain, bones, lymph nodes, liver, and 
both ovaries. They suggested that the post- 
mortem findings of multiple cartilaginous 
exostoses indicated that the child had a 
tendency to tumor formation. Valiére- 
Vialeix and associates **5 reported on a 
tumor of the retina which appeared in a 
45-year-old man. It was a sharply outlined 
white round and slightly raised tumor be- 
tween the disk and macula. Since it grew 
rapidly, the eye was enucleated. The tumor 
originated in the inner layers of the retina, 
infiltrated all the layers, entered the choroid, 
and encroached on the optic nerve. The 
tumor cells consisted of astrocytes and 
microglia. Inside the tumor were calco- 
spherites. Steward, Smith, and Arnold 74 
collected 15 case reports of spontaneous 
regression of retinoblastoma from the lit- 
erature and added one of their own. Two 
boys had bilateral retinoblastoma. Their 
father was 37 years of age, and since child- 
hood one eye had been blind and shrunken. 
Diagnosis of retinoblastoma had been made 
when he was 3 years old, but no treatment 
had been given. The eye histologically 
showed calcified tumor cells. The intact eye 
had remnants of a lesion seen ophthalmo- 
scopically; this was presumably healed 
retinoblastoma. 

Joyce and Scott **? suture radon seeds 
to the sclera over the site of melanomas and 
retinoblastomas. Sébas 7** recommends the 


routine aspiration of eyes with suspected 
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retinoblastoma to prevent unnecessary 
enucleation in cases of pseudoglioma. Davies 
and Thumim **° reported on a 34-year-old 
man with a suspected intraocular melanoma 
which proved to be a cavernous hemangioma 
of the optic disk and retina. 

Angiomatosis Retinae——Handl**  de- 
scribed three young patients whose von 
Hippel lesions were improved with electro- 
coagulation. Scleral resection was performed 
on one patient to replace a detachment, and 
the angioma then became visible. Handl 
advocates early electrocoagulation in prefer- 
ence to radium, roentgen irradiation, or 
electrolysis to best preserve vision. In his 
opinion this treatment is best even when 
secondary changes exist in the retina. 
Kronenberg *** and Charamis *** agree with 
this. The latter stresses the importance of 
using a high-intensity current of 50 to 70 
ma. for surface coagulation and a current 
of 40 to 50 ma. for the 2.0 to 2.5 mm. 
perforating electrodes. He also destroys 
the nutritive vessels. Kaufman and Ben- 
nin 7 use surface and penetrating dia- 
thermy. They reported on a case with 
bilateral involvement in which treatment was 
successful only in the early lesion. Weve 7 
discussed this paper and stated that it was 
a mistake not to operate in early cases, “as 
the patient will always be affected in both 
eyes and he will absolutely lose both eyes.” 

Hallermann ** electrocoagulated a chorio- 
retinal angioma and later enucleated the 
eye because of intractable keratitis. His- 
tologic examination showed that the angioma 
had not been completely destroyed in spite 
of extensive diathermy. In Callahan's 
case secondary glaucoma developed and the 
eye was enucleated. 

Reese**7 contends that the lesion of 
Coats’ disease (dark globular retinal de- 
tachment in young persons) is essentially 
a telangiectasis of the retina. He discusses 
the evolution of the disease from small 
foci of red globules to the advanced stages. 
He calls attention to the presence of vas- 
cular channels in the inner layers of the 
retina and demonstrates these with a poly- 
ethylene replica. The basement membrane 
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of these channels and also the walls and 
lumina show a homogeneous red-staining 
polysaccharide with the Hotchkiss periodic 
acid stain. In places the channels are oc- 
cluded. Reese suggests that the progression 
of the lesion may be due to the formation 
of this polysaccharide with production of 
varying degrees of atresia. One patient 
seems to have had benefit from radiation 
therapy, but not another, Reese advocates 
diathermy to the sclera over the lesion if 
it is small. 


Retinal Degenerations 

Falls discussed the ocular diseases 
of hereditary origin and reviewed the genetic 
problems encountered in each of these 
diseases. Wolter? used silver carbonate 
staining methods to demonstrate beautifully 
that the peculiar flat cells at the inner sur- 
face of the inner limiting membrane of the 
human retina are astrocytes. Some of these 
were constantly present in normal aging eyes. 
These cells hypertrophied and proliferated 
in retinitis pigmentosa, macular degenera- 
tion, and chronic glaucoma. Fuchs **' de- 
scribed some of the types of drusen of the 
lamina vitrea that he has seen. His premise 
is that drusen have a different appearance 
in the United States from those in Europe 
and China. He described an interesting case 
in which the large lesions simulating drusen 
were probably vesicles between the lamina 
vitrea and the pigment epithelium, They 
later disappeared. Pillat #* showed some of 
the changes which occur in the retina as a 
result of the aging process. These include 
local and diffuse atrophy of the pigment 
epithelium, loss of sensitivity of the rods 
and cones, peripheral cystic degeneration, 
macular cystic degeneration, loss of luster of 
the internal limiting membrane, retinal con- 
cretions, and increased retinal pigmentation. 
lrancois, Verriest, and De Rouck ** sum- 
marized the literature on Oguchi’s disease 
and described the 22d non-Japanese case. 
They classified the disease with the con- 
genital functional anomalies and especially 
with essential congenital hemeralopia, of 
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which this seems to be a particular varia- 
tion. It has no connection with tapetoretinal 
degeneration in general or with primary 
degeneration’ of the retina or retinitis 
punctata albescens in particular. It is char- 
acterized by an adaptation deficiency of the 
rods. The scotopic components of the elec- 
troretinogram are absent. There are defects 
in photopic and mesopic vision concerning 
critical flicker fusion and adaptation thresh- 
olds, probably due to disturbance of rod 
function. These authors described a tech- 
nique ** for studying the x-wave of the 
human electroretinogram. This wave was 
absent in patients who had protanopia, pro- 
tanomaly, and achromatopsia. The b-wave 
was not demonstrable, but the x-wave was 
present in their cases of hemeralopia and 
Oguchi’s disease. 

Retinal Degeneration in  Animals.— 
Tansley * discussed two types of inherited 
retinal degeneration found in several experi- 
mental animals. One of these is indistin- 
guishable from human recessive retinitis 
pigmentosa and occurs in dogs, rats, and 
mice, Chow * described the retinas of three 
chimpanzees. One animal was reared in 
darkness from birth to 33 months of age; 


one was kept in darkness from the 8th to the 
24th month, and one was reared in the dark 
from birth to the 7th month except for one 
and one-half hours of daily diffuse light 


stimulation. The first two had complete 
degeneration of the ganglion-cell layer of 
retina, but the receptive and bipolar layers 
were normal, The third had a completely 
normal retina, If the lateral geniculate body 
of the cat is destroyed, the ipsilateral gan- 
glion cells degenerate but the giant ganglion 
cells remain normal. Lesions in the superior 
colliculus have little effect on the retinal 
ganglion cells. 

Pigmentary Degeneration of the Retina.— 
Lucas *°? described the histologic findings in 
two cases of retinitis pigmentosa. One is 
particularly interesting, since there was an 
enormous thickening of the choroid. This 
has been noted only twice before in the 
literature. The other case is the first patho- 
logic report of a case with a dominant mode 
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of inheritance. Campbell and Gebertt ?* 
treated 14 patients who had retinitis 
pigmentosa and 5 who had choroideremia 
with intermedin, a melanophore hormone ex- 
tracted from the intermediate lobe of the 
pituitary. They instilled 7 or 8 drops (about 
0.45 cc.) into each eye twice weekly. Five 
of the patients with retinitis pigmentosa had 
no improvement after 6 months and treat- 
ment was then discontinued, but the re- 
mainder improved and were treated for 18 
to 29 months. About 50% of patients with 
retinitis pigmentosa had a striking improve- 
ment in the visual fields, but the remainder 
either remained unchanged or declined. No 
patients with choroideremia improved. 
Yung-Lin 7° and Turtz 2 each reported a 
case of unilateral retinitis pigmentosa. 
Knoll #*! reported on a patient who had 
pigmentary degeneration of the retina, 
keratoconus, and glaucoma. Alajmo 
noted that there has never been a patient 
reported who had both pigmentary degener- 
ation of the retina and retinal detachment. 

Landau and Feinmesser *** found im- 
paired hearing among 14 of 22 patients with 
retinitis pigmentosa; 4 patients of 14 had 
impairment of the caloric response. Four 
children of two patients with retinitis 
pigmentosa had normal audiometric tests but 
had impaired dark adaptation. 

Wolter ** examined the retina of a 
patient who had _ far-advanced retinitis 
pigmentosa and found numerous rosettes of 
the type seen in retinoblastoma. He demon- 
strated long glial fibrils in these rosettes. 
He postulated that the rosettes in this case 
arose from pathologic glial cells and not 
from neuroepithelial cells. 

Francois, Verriest, and De Rouck 7 
wrote a monograph on the visual function 
in cases of tapetoretinal degeneration. They 
included the tests of the photopic and 
scotopic visual fields, adaptation studies, and 
electroretinography of patients with various 
forms of primary pigmentary degeneration 
of the retina, retinitis punctata albescens, 
gyrat atrophy, cheroideremia, generalized 
choroidal sclerosis, various forms of macular 
degeneration, angioid streaks, and chorioret- 
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initis. Zeavin and Wald * studied the visual 
thresholds and adaptation of rods and cones 
in normal persons and in patients with 
early and late retinitis pigmentosa. Iser and 
Goodman **7 studied flicker photopic elec- 
troretinography and stated that both the 
photopic and the scotopic electroretinogram 
should be investigated when patients have 
hereditary retinal degeneration. Dhanda 
found that patients who suffer from xerosis 
have a normal electroretinogram if the vita- 
min A level of the blood is above minimal 
threshold values but that the electroretino- 
gram is completely extinguished when the 
level is below this minimum and leads to 
night blindness. The threshold is near 20 
I. U/100 ce. of plasma in children less than 
15 years of age, and it is a little higher 
in adults. Children are more susceptible to 
the development of night blindness and to 
loss of electric responses in the retina than 
are adults. 

Sorsby and Savory *® described two fami- 
lies, both of which had members afflicted 
with unusual forms of choroidal sclerosis 
and with variants of choroideremia and 
retinitis pigmentosa. Westerlund?” pre- 
sented data on two families which had 
choroideremia expressed in the males but in 
which the females had choroidal pigment 
disturbance. 


Macular Lesions 


Horwich and Linfesty 7"! and Payne and 
Crick ?”* reported cases of ectopia of the 
macula, leading to a vertical displacement 
of the eye. Tower?" wrote an extensive 
résumé of the problem of macular-hole for- 
mation. In his opinion, vasodilator therapy, 
particularly retrobulbar injection of tolazo- 
line (Priscoline) or atropine, is effective in 
causing absorption of macular edema and 
cysts, thus preventing the formation of a 
macular hole. De Vincentiis 7"* surveyed 57 
patients who had retinal holes with or with- 
out retinal detachment. He concluded that a 
hole can be secondary to a detachment, 
particularly when the detachment comes 
from peripheral lesions. Sorsby and asso- 
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ciates **° reported on five families who in- 
herited bilateral macular cysts by dominant 
transmission, 

Steinmetz, Ogle, and Rucker?" traced 
through eight generations a family that 
transmitted macular degeneration as an 
autosomal dominant trait with complete 
penetrance. Impaired vision began between 
the 6th and the 12th years and was followed 
by photophobia and day blindness and later 
by defective color vision. The macular 
changes were not visible ophthalmoscopi- 
cally until the 30th year. Dark adaptation 
curves showed decreased cone sensitivity 
with normal rod function. Color vision was 
deficient, and each affected person had a 
central scotoma, 

Hertzberg **7 had three patients with Tay- 
Sachs disease in one family; the only Jewish 
blood came from the paternal great-grand- 
father. Hoffman?" reported two cases of 
Spielmeyer-Vogt juvenile amaurotic family 
idiocy, discussed the course and pathologic 
changes, and suggested that the name be 
changed to “pigmentary retinal lipoid 
neuronal heredodegeneration.” 

Goslich 7 saw four cases of juvenile 
heredodegeneration of the macula (Star- 
gardt type) in three generations and was 
able with the electroretinogram to differ- 
entiate this form definitely from the 
peripheral tapetodegeneration of primary 
pigmentary degeneration of the retina. 
Jacobson, Basar, and Kornzweig *” found 
that eyes afflicted with severe disease of the 
macula showed no response on the electro- 
retinogram when a red stimulus was used, 
even though the response to white light may 
have been nearly normal. In their opinion, 
this phenomenon is due to loss of the 
photopic mechanism. Wadensten **' investi- 
gated various retinal conditions with flicker 
electroretinograms. He found that there may 
be highly defective macular function and 
yet the flicker electroretinogram may be 
normal. If the flicker electroretinogram 
shows defective cone function, central visual 
acuity is greatly impaired. 

Central Serous Retinopathy.—Mitsui and 
Sakanashi **? presented a review of the 
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ophthalmoscopic and biomicroscopic findings 
among 51 patients with central angiospastic 
retinopathy. They described three types of 
lesions: (1) circumscribed serous detach- 
ment of the retina (22 cases), (2) cir- 
cumscribed serofibrinous detachment of the 
retina (11 cases), and (3) circumscribed 
retinal edema (7 cases), as well as miscel- 
laneous types (11 cases). They gave ex- 
cellent descriptions of the various forms 
that they recognize. In their opinion, 
tuberculosis is the cause. 

Wolkowicz *** produced subretinal edema 
(1) by placing a sensitizing dose of horse 
serum into the suprachoroidal space and then 
two weeks later injecting horse serum intra- 
venously and (2) by producing light-sensi- 
tization of the retina with 1% eosin solution 
given intravenously and seven days later 
exposing the eye to a carbon-are light. He 
presented two patients who had _ bilateral 
central scotomas. One patient had a ceco- 
central scotoma in one eye and an arcuate 
scotoma in the other. The author described 
these cases as central serous retinopathy in 
which vision was not recovered, although 
they are in several respects very atypical 
of the accepted conception of this disease. 


Seitz *** reported on 20 patients with this 
disease and noted particularly the entoptic 


phenomena associated with it. He also 
showed what he considers the characteristic 
visual field profile—that is, a relative central 
isle of vision often present in the center of 
the scotoma. In his opinion, focal infection 
is very important, and he favors fever 


therapy. Rusodimos **° 


saw seven patients, 
of whom five recovered under treatment. 
One recovered spontaneously, and one case 
ended with degeneration of the macula. 
Antibiotics and cortisone were ineffective. 
Sedatives, vasodilators, and vitamins B, D, 
and E seemed to give the best results. 
Gordon ** stated that there was rapid im- 
provement of his patients on 40 mg. of 
prednisone or prednisolone daily. 

Nicholls **7 reported on nine cases in 
which macular edema appeared in aphakic 
eyes. Five occurred some months after 
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cataract extraction, and four, at the time 
of operation. In four cases there was pro- 
lapsed vitreous. Several were caused by 
vitreous detachment, some were central 
serous retinopathy, and one patient appears 
to have had senile macular degeneration. 
Toxic and Other Injuries to the Retina 

Bedell *** called attention to the forensic 
value of taking fundus photographs in any 
cases likely to come to court trial. Norton *** 
described an ingenious method of making 
and later viewing stereophotographs of the 
retina taken through a binocular ophthalmo- 
scope. Goodside *® described the appearance 
and causes of the light reflexes produced by 
the light from the ophthalmoscope striking 
the anterior limiting membrane of the retina. 

Gregg **' discussed the effect of maternal 
rubella on the infant when the infection 
occurs during the first trimester of preg- 
nancy. He described cataracts, microph- 
thalmos, shallow anterior chamber, changes 
in the iris, peculiar blotchy pigmentation of 
the macula and perimacular region with little 
or no visual defect, nyastagmus, hydroph- 
thalmia, and corneal opacities. 

Siegert ** found the following changes in 
the eyes of recently returned malnourished 
long-term prisoners of war of the U.S.S.R.: 
stippled of the macula, due to 
capillary dysfunction, and local destruction 
of the macula. He considered that the 
cases of retrobulbar neuritis resulted from 
avitaminosis, toxins, infections, and from 
direct photogenic and radiogenic influences 
leading to so-called camp-amblyopia. A high 
percentagee of prisoners had subnormal 
adaptation. This was observed particularly 
among those who had dry or moist lipodys- 
trophy but also among otherwise healthy 
long-term prisoners. Xerosis of the con- 
junctiva and keratomalacia were rare. 

Radiant and Solar Energy.—-Noell and 
Cibis *® studied retinal degeneration in rab- 
bits and monkeys resulting from intravenous 
administration of iodoacetate and from high- 
intensity roentgen irradiation of the whole 
head or of one eye. The rod cells de- 
generated rapidly, but the inner retinal lay- 
ers were hardly affected. Rugh and Wolff 7%" 
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exposed pregnant mice to whole body 
x-irradiation at 12% and 13% days of gesta- 
tion (at the time when the fetal eyes are 
actively differentiating) with doses ranging 
from 50 to 300 r. They then studied these 
eyes histologically at varying intervals and 
found a high degree of initial destruction of 
the retina but rapid functional restitution. 
Brown, Cibis, and Pickering exposed 
monkeys to Co® gamma radiation, which 
caused severe iridocyclitis, retinal edema, 
papilledema, severe hypotonia, and, in some 
cases, punctate and flame-shaped hemor- 
rhages. Histologic abnormalities consisted 
chiefly of pyknosis of rod nuclei (apparent 
as early as two hours after irradiation) and 
degenerative sequelae in the outer nuclear 
and bacillary layers. Shields protected the 
eyes completely against such effects. Newell, 
Harper, and attached 
yttrium * pellets to the sclera. This material 
produces pure B-rays. The initial reaction 
was one of acute necrosis of sclera, choroid, 
and retina. There was necrosis even of the 
participating polymorphonuclear cells. Some- 
times the sclera ruptured. Healing began 
after two weeks. No cataracts were noted. 
Retinal destruction was severer than choroi- 
dal destruction. 

Burmeister **" treated patients with the 
“radartherm,” which radiates power of 25 
watts in the wavelength range of 12 cm. He 

-claimed distinct improvement in 
types of ocular diseases, 

Jonquéres and de Saint-Martin re- 
ported chorioretinitis caused by electrocution 
with a high tension wire. 

Byrnes and associates *” and Rose and 
associates ® reported data on chorioretinal 
lesions produced by the atomic bomb. 
Chambers *' thought that cortisone sys- 
temically was of value to curtail the inflam- 
matory reaction of such burns, 

Das, Nirankari, and Chaddah *? reported 
on 37 patients who sustained macular burns 
during a solar eclipse. Eighty-four per cent 
of these occurred among the group 11 to 30 
years of age. Myopic eyes without proper 
glasses sustained the least damage, and 
hypermetropic eyes suffered most. The 


Hollenhorst 


several 


patients with the greatest subjective symp- 
toms sustained the least permanent damage. 
The final outcome ranged from normal 
maculas with good vision to atrophic lesions 
causing gross permanent visual defects. 
Meyerratken **® reported on 12 eclipse 
burns. The highest degree of visual impair- 
ment was 20/80 shortly after the injury, 
and after six months the worst visual defect 
was 20/28. Gebertt®* treated 55 such 
burns with retrobulbar injection of 0.25 mg. 
carbachol. Thirty-nine patients improved 
2 to 30 minutes after the injection, but the 
remainder received no help. The 39 re- 
ceived a second injection two or three days 


later. Miinchow devised a_ simplified 
Landolt-Amsler grid for demonstrating 
these scotomas. Meyer-Schwickerath and 


associates ** photocoagulated the chorioret- 
inal tissues of rabbits and found smaller 
scars when the rabbits received phenylbuta- 
zone (Butazolidin) intramuscularly than 
when they did not receive it. 

Chemicals.—Dische ®" reviewed the con- 
siderable literature on the physiologic 
chemistry of the eye for 1955 and discussed 
that which pertained to the retina. Apter 
and Pfeiffer ** ascribed the visual halluci- 
nations caused by mescaline and lysergic- 
acid diethylamine tartrate (LSD-25) to 
retinal damage. This is predicated on the 
onset of visual hallucinations which arise 
in the cat at the same time as spontaneous 
action potentials in the electroretinogram 
after one of these drugs is given. Potts, 
who discussed this paper, had no such re- 
sults in similar investigations. 

In the opinion of Leplat and Gerebtzoff 
epinephrine and arterenol are located in the 
sensory cells of the retina and acetylcho- 
linesterase is located in the inner plexiform 
layer. They consider the rods and cones 


adrenergic and the ganglion cells and bipolar 


cells cholinergic. Kornblueth and Ben- 
Shlomo *” reported that methyl alcohol, 
quinine, sodium cacodylate, formaldehyde, 
acidosis, physostigmine, isoflurophate, acet- 
azoleamide ethionine, sodium iodate or azide, 
and aminopterin had no effect on the normal 


utilization of glucose by the rat retina. 
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lodoacetic acid caused a 30% inhibition of 
the rat retina, but brain and diaphragm were 
not affected. 

Nishi *" sensitized rabbits to white of egg. 
Injection later into the anterior chamber 
and vitreous caused acute iridocyclitis. In- 
jected into the retrobulbar space, it caused 
retrobulbar neuritis and even choroiditis. 


Optic Nerve 


Carroll and associates *!* conducted a 


symposium on “Diseases of the Optic Nerve.” 
Since this is a very complete and excellent 
exposition of the subject, no attempt can 
be made here to abstract the wealth of 
information contained in it, and it should be 
read in its entirety. 

Dubois-Poulsen *"* described the produc- 
tion of a Bjerrum scotoma by injecting 5% 
formalin into a Cysticercus cyst which lay 
on the outer aspect of the optic nerve im- 
mediately behind the globe. He produced 


Roénne’s step by dazzling the central retina. 
He ascribes the step to an unequal fall in 
sensation of the upper and lower retinal 
quadrants, whereas he considers the Bjerrum 


scotoma as of retrobulbar origin. Trantas *™ 
investigated the photosensitivity of the 
retina in various nerve and retinal affec- 
tions, using a tiny bright spot of light or a 
tiny dark spot inserted into the beam of the 
ophthalmoscope. By alternating these two 
stimuli, the author tested the retina in the 
manner of testing skin sensation with a pin. 

Francois and Neetens,*" in their third 
paper on the subject, demonstrated by serial 
sections the characteristic pattern of vascu- 
larization of the several divisions of the 
optic nerve, The central artery and its col- 
laterals serve only the retina and do not send 
branches to the optic nerve. With the silver 
carbonate stain Wolter *"* demonstrated the 
various pathologic changes in the retina and 
optic nerve. The article deserves reading in 
its entirety. 

Niedermeier *"7 used intradural injection 
and vital staining in experimental animals 
to show that a rise of intracranial pressure 
disturbs the vascular permeability in the 
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region of the lamina cribrosa. In his opinion, 
the mechanism of papilledema depends both 
on mechanical and on autonomic factors. 
Minton *** presented a 9-year-old boy who 
had proptosis and blepharoptosis of the left 
eye, venous dilatation of the lids and cheek, 
a hemangioblastoma below the left disk, and 
an arteriovenous malformation in the dis- 
tribution of the left middle cerebral artery. 
Episodes of subarachnoid hemorrhage con- 
tinued even after ligation of the left common 
and internal carotid arteries. 


Wagener *!” reviewed the recent literature 
pertaining to loss of vision from exophthal- 
mos of endocrine origin. He presented the 
evidence pointing toward a separate hormone 
as the cause of the exophthalmos, a hormone 
distinct from the thyroid-stimulating hor- 
mone. He urged orbital decompression when 
evidence of optic nerve involvement appears, 
and advocated removal of the roof and 
lateral wall of the orbit. Hedges and 
Scheie *° reported six such patients with 
field defects and thought that the defects 
were due to impaired circulation of the optic 
nerve caused by increased orbital pressure. 

Congenital Anomalies.—Rizzoli**"  de- 
scribed a unique case in which one eye of 
the patient had a double optic disk, one 
disk above the other. The lower disk was 
only one-third as large as the upper. Vision 
was normal. Vauthier and Zanen *** pre- 
sented five cases with congenital holes in the 
optic disk. They showed the associated 
visual field defects. Sena, Cerboni, and 
Kutyn “* reported colloid bodies in the optic 
disks of a mother and son. There were 
marked defects in the visual fields of the 
17-year-old son but only mild defects in 
those of the mother. La Rocca *** reported 
a patient who in one eye had a partial 
coloboma of the optic disk and choroid and 
in the other eye had pseudopapillitis. This 
patient had a cavernous angioma of the face. 
The case is presented in support of the 
hypothesis that colobomas are of vascular 
origin. Marquart **° reported on 18 cases in 
which a diagnosis of choked disks was not 
substantiated by further investigation. They 
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were then rediagnosed as pseudopapilledema 
due to refractive error, formation of drusen, 
or vascular disease. 

Traumatic Lesions,—Kirichenko ** saw 
two cases of traumatic evulsion of the optic 
disk. There was little external trauma, but 
there was extensive hemorrhage near the 
optic disk. Landolt *** presented 19 patients 
who had unilateral lesions of the optic nerve 
following trauma to the skull. Three-fourths 
of them had fractures of the lesser wing 
of the sphenoid. In all cases the injury 
was to the front half of the skull. Pupillary 
function usually was impaired. Since there 
was a high incidence of permanent blind- 
ness, the author advised early decompres- 
sion. He assumed that a hidden fracture 
can produce compression of the nerve either 
by hemorrhage or by edema. Martelli and 
Strazzi *** expressed the opinion. 

Optic Neuritis.—On the basis of measure- 
ments of the critical fusion frequency in 
the area of the visual field corresponding 
to the scotoma of patients with retrobulbar 
neuritis, Kurachi and Yonemura *** reached 
the questionable conclusion that the site of 
the block may be in the neuronal network 
of the bipolar-cell layer and not in the nerve 
fibers behind the globe. Steinmetz and 
Kearns *° emphasized the value of the 
H-R-R_ pseudoisochromatic test for defec- 
tive color vision as an aid in the detection 
of very minimal visual loss from a previous 
attack of retrobulbar neuritis. 

Victoria, Ros Pena,**? and Velas- 
quez *5* reported on families whose members 
were afflicted with hereditary optic atrophy. 
Velasquez investigated a Negro family of 
21 members, among whom 10 members in 
three generations had the disease trans- 
mitted as a sex-linked dominant. 


same 


Glick and Mumford ** reported on a pa- 
tient who had quinine amblyopia and who 
remained blind for 40 hours. She had an 
immediate return of vision after stellate 
ganglion block. In the opinion of the 
authors, this result supports the view that 
vasospasm is an important factor in the 
causation of this condition. They think also 
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that this case indicates that stellate block 
should be used in treating central vein 
thrombosis and central artery embolism, 

Gilger, Potts, and Farkas *** used mon- 
keys to reach the conclusion that large doses 
of ethyl alcohol inhibit the disastrous effects 
of methyl alcohol poisoning. They rec- 
ommended early therapy with 4% oz. (135 
ce.) of 100 proof whisky N. F. followed 
every four hours by 3 oz. (90 cc.), and at 
the same time the acidosis should be treated 
with base. Fornaro ** studied the gastric 
function, blood, and hepatic activity of 
patients with tobacco-alcohol amblyopia and 
decided that the histamine-resistant achylia 
observed among 10 of 12 patients was 
probably responsible for the complete de- 
ficiency of blood-regulating, vitamin, and 
nutritional factors, which in turn caused 
anemia and amblyopia. Guttmann-Fried- 
mann “87 described severe and permanent 
impairment of vision resulting from bilateral 
optic neuritis following the bite of a 
venomous snake, 

Marin Amat *** made an analysis of the 
ocular complications encountered among 100 
patients who had tuberculous meningitis. 
Abnormalities of the pupils were found in 
55%, and all had lesions of the fundi; 29% 
had papilloretinal edema; 19% had papillitis, 
12% had intense papillitis; 12% had post- 
neuritic optic atrophy, and the remainder 
had miscellaneous involvement. Mooney ** 
reported 65 such patients, of whom 80% 
survived, Forty-seven (72%) had one or 
multiple ocular lesions, which included papil- 
ledema (26% ), choroidal tubercles (25%), 
pallor of the disks (20%), ocular palsies 
(15.5%), retrobulbar neuritis (two cases), 
and homonymous hemianopsia (one case). 
Mooney emphasized the importance of the 
tubercle as an index of the efficacy of 
treatment. He advocated early decompres- 
sion to save vision and life when choked 
disks appear. In eight cases exploration was 
performed because of pallor of the disks. 
In all of these, large soft or calcified ad- 
hesions were removed from the optic nerves 
and chiasm; five patients recovered vision 
and three did not. The recoveries were at- 
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tributed to prompt surgical intervention; in 
cases of failure to recover, the operation was 
considered to have been performed too late. 
In one interesting case there was apparently 
an intramedullary tubercle of the intracranial 
portion of the left optic nerve. 

Stagni *” reported good results of treat- 
ment in 43 patients with retrobulbar neuritis 
to whom he administered nicotinic acid by 
retrobulbar injection. Brihaye-van Geertruy- 
den **! claimed that, although cortisone given 
orally was ineffective in restoring vision to 
her patient, retrobulbar cortisone was ef- 
fective in her case when used after the 
eighth day of the disease. Wagener and 
Horton *? reported treatment of patients 
who had optic nerve, retinal, and choroidal 
lesions with intravenous histamine given 
over prolonged periods. These patients were 
all persons who had been told that no further 
improvement could be expected spontane- 
ously or from other treatment. Of those 
with optic nerve lesions, 42 eyes (74%) 
improved; of those with chorioretinitis, 11 
(69%) improved, and of those with 
chorioretinal degeneration, 4 (18%) had 
some improvement, 

Optic Atrophy.—Ferreira** reviewed 
and classified the varieties of optic atropy. 
Le Grand and Verlaeken*** reported on 
four cases of visual disorder following 
distant hemorrhage. These patients had 
initially ischemia of the retina and optic 
disk and later the usual optic nerve atrophy. 
Takahashi ™*° injected rabbits with vasopres- 
sin (Pitressin) and produced optic atrophy, 
followed by ataxia, mydriasis, and pupillary 
areflexia. The author demonstrated demye- 
linization in the central nervous system asso- 
ciated with vascular narrowing and forma- 
tion of thrombi. He mentioned the analogy 
to multiple sclerosis. Klauder ™* called at- 
tention to the gradual and progressive de- 
cline in the numbers of patients afflicted with 
ocular syphilis and stated that at the present 
time a new case of optic atrophy is rarely 
seen, 

Cutler and Blatt **7 described two cases of 
lethal midline granuloma (Wegener’s gran- 
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ulomatosis). This may invade the orbit and 
cause papilledema and optic atrophy on one 
or both sides and may produce proptosis or 
ophthalmoplegia or may actually invade the 
ocular coats. Gross *** showed necropsy 
specimens of cases of cranial dysostosis 
(turricephaly ) demonstrating that one cause 
of the optic atrophy is the upward traction 
exerted on the optic nerves as the brain is 
pulled upward by its growth. 

Hobbs and Rychener and Mur- 
phey * discussed the ocular manifestations 
of periorbital fibrous dysplasia. This lesion 
frequently produces exophthalmos, compres- 
sion of the optic nerve or chiasm, optic 
atrophy, and papilledema. 

Matteucci and Kluzer**" discussed 10 
cases of optic nerve compression and made 
the rather questionable statement that the 
site of involvement of the optic nerve is 
difficult to determine in such lesions. Wolter 
and Liss **? reported on two cases in which 
a tumor compressed the optic nerve. They 
stained the excised optic nerves with a 
modified Hortega silver stain and found first 
an irritation of the astrocytes with reversi- 
ble damage to the nerve fibers but later a 
hypertrophy and proliferation of the astro- 
cytes with irreversible nerve damage. 
Finally, the astrocytes break down and there 
is connective tissue proliferation. Frez- 
zotti **8 described a patient who had a Foster 
Kennedy syndrome. The tumor was found 
to be a sphenoid ridge meningioma, but it 
was situated on the side of the papilledema 
instead of on the side of the optic atrophy. 

Tumors of the Optic Nerve—Walsh*™ 
gave a very detailed and interesting report 
of highlights of various manifestations of 
tumors affecting the optic nerves and chiasm. 
The article should be read, since it cannot be 
well abstracted. Taveras, Mount, and 
Wood * advocated radiation therapy for 
gliomas of the optic nerve and chiasm in 
dosage of 800y to 1,500y repeated two or 
three times during the early months follow- 
ing diagnosis. If the tumor is confined to 
one optic nerve and can be completely re- 
moved surgically, this is the procedure of 
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choice and should be followed by irradiation. 
All other patients should have only irradia- 
tion. Results have been surprisingly good. 
About half had an arrest of the visual loss, 
and some patients have improved. Han- 
bery ** pointed out that 90% of optic nerve 
gliomas occur before the age of 20 years. 
He emphasized the frequency of association 
with von Recklinghausen’s neurofibromato- 
sis. He stated that prognosis is excellent if 
all of the lesion is removed at the first 
operation. Razumikhina **? reported on a 
meningioma of the optic disk, which had 
caused loss of vision 14 years before and 
beginning proptosis 12 years before. It 
proved to have originated in the endothelial 
cells of the nerve sheath, 
Mayo Clinic, 
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STEREOPSIS AND UNEQUAL LUMINOSITIES OF THE IMAGES IN THE TWO EYES 


To the Editor:—In the December, 1956, issue of the Arcuives, page 878, is 
published a paper entitled “Stereopsis and Unequal Luminosities of the Images 
in the Two Eyes,” written by K. N. Ogle, Ph.D., and Judith Groch, B.S. This 
paper deals chiefly with a phenomenon | described in the Arcuives 23 years ago. 
Since these authors discredit the observations I reported, | feel called upon to 
comment upon their paper. 

The phenomenon in question was the observation that when the luminosity 
of one disparate retinal image of an object was greatly reduced below that of 
the other image the depth effect was reduced and the apparent position of the 
object was shifted laterally. Ogle and Groch admit, although apparently with 
reluctance, the lateral shift of the object, but they deny the depth effect. They 
make this serious misstatement: “this lateral deviation, which Verhoeff stated is 
proportional to the difference in the luminosities, ...” As a matter of fact, I 
was careful not to make such a statement in respect to either lateral deviation or 
depth. For, with the same difference in luminosity, the effects | have described 
could be marked when there was a relatively low intensity of illumination and not 
perceptible with a much higher intensity. To make the phenomenon recognizable 
the difference in luminosity must be great enough to make the luminosity of the 
weaker image very low. This fact is obvious from the specifications given in my 
paper, but I find that I did not emphasize it. 

Ogle and Groch maintain that from their experiments “one would have to 
conclude that decreasing the luminosity of the image of one eye does not alter the 
physiologic disparity between the images of the two eyes or the stereoscopic 
depth. This conclusion is, of course, only true for static spatial line configurations, 
One must ask, then: What is the explanation of the observations made by Verhoeff 
and corroborated as well by other subjects’ It is possible that the lateral inclina- 
tion of the line toward the brighter image may have interfered with the stereo- 
scopic depth. It is also possible, since this effect was found only with relatively 
dense filters, that the differential contrast threshold of the eye seeing the darkened 
target became too high for the line to be readily visible.” These statements seem 
to mean that Ogle and Groch admit that the phenomenon may actually occur, 
although they have not been able to produce it. But they go on to say, “However, 
the answer most probably lies in the fact that, as so often is the case, the results 
of introspective observation can be misleading, for, when one attempts to measure 
the observed phenomena, they often are not found.” I take this to mean that, at 
least as regards depth effect, the authors believe the phenomenon to be entirely 
imaginary. 

Although my experiments were made about 24 years ago, | clearly remember 
them and am sure the results were not imaginary. The instrument, screens, etc., 
are no longer available to me, and therefore I cannot exactly reproduce these 
experiments. Nor can | attempt to reproduce the experiments made by Ogle and 
Groch. However, I find that for angular disparateness | can easily | Bsr 
the phenomenon by the use of an ordinary Brewster stereoscope, and for parallel 
disparateness, by the use of my “Stereopter.” For a screen I use two pieces of 
polaroid film applied together. By suitably adjusting these pieces the required 
density is easily obtained. For the angular disparateness | employ two rotary 
dises of white cardboard, each 6.1 cm. in diameter and connected by cogs so that 
the discs rotate equally but in opposite directions. Centered on each disc is a 
vertical black line 4.6 cm. in length and 0.75 mm. in width and a circle 15 mm. 
in diameter. The circles provide an additional plane of reference. (The impor- 
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tance of such a plane of reference for the observation of stereoscopic phenomena 
is often overlooked.) After being placed in the stereoscope, the discs are rotated 
until the single line seen has a well-marked fore and aft slant. Then the polaroid 
screen is placed before one eye so as to obscure the lower or upper half of the 
dise seen by that eye. The density of the screen should be as great as possible and 
still permit screened half of the line to be definitely visible to the screened eye. 
Each observer can determine, by trials, the conditions suitable for him. Under 
these suitable conditions, when the screen is interposed the screened half of 
the line appears to swing so that it is at an angle with the other half. The 
displacement is both lateral and fore and aft, as I have described. When the 
screen is removed, the line appears to swing back to its original position. 

The phenomenon is more pronounced for the lateral effect when two screens 
are used, one screen before the upper half of one disc, the other screen before 
the lower half of the other disc. The depth effect, however, can then be perceived 
only by comparing the slant of the line as seen with and without the screens. | 
have been able to produce the phenomenon without the use of a stereoscope, by 
viewing a single line slanted fore and aft from the vertical and screening for 
one eye one-half of it by the polaroid screen. The line can be black on white, 
or white on a black background. 

In the case of vertical parallel lines, under some conditions, monocular criteria 
and preconceived ideas may prevent perception of the phenomenon. By the use 
of my “Stereopter” the deleterious effect upon the phenomenon of relative size 
can be abolished, and the phenomenon then is usually so apparent that preconceived 
ideas are overcome. The “Stereopter” is viewed at a distance of about 25 cm., and 
a set of strips is selected in which the widest strip is back and the narrowest strip 
forward and on the left. Bifixation is maintained on one of these strips. When 
the screen is placed before the right eye so as to obscure its whole field, the depth 
and also the lateral distance between the two strips appear to decrease. The same 
is true when the screen is placed before the left eye, if the “Stereopter” is turned 
upside down so that the forward strip is on the right. When the screen is removed, 
the strips seem to return to their original positions. Occasionally, for some obscure 
reason, while the screen is still in place, the apparent depth appears to become 
as great as it was without the screen. If, when this occurs, the screen is removed, 
no increase in depth may be observed. It would seem that the evidence supplied 
by an image with low luminosity may be so weak that it is sometimes rejected 
by consciousness, especially when there is competing evidence. 

If Ogle and Groch will make the simple experiments I have just described, 
[ am sure that they will become convinced that the phenomenon is not imaginary. 
They can then try to ascertain why their own experiments did not reveal it. 
Although they had admitted the lateral effect, they did not mention it in their 
summary. To me this effect is of greater scientific interest than the depth effect. 

Presumably, this phenomenon is in itself of no practical importance because 
the conditions needed to produce it are not ordinarily encountered. However, it 
does bring up and perhaps help to answer some questions of fundamental impor- 
tance. These relate to the apparent position of an object when its disparate 
images are seen as one and when they are seen as two and to the role of the 
subconscious in stereoscopic vision. From Ogle’s writings I judge that he and his 
co-author still hold to the prevailing view that Panum’s areas actually exist and 
therefore that “fusion” of disparate images can take place in the same sense as 
“fusion” of corresponding images. For many years I| also believed this, but for 
about the past 25 years | have not. The experiments that I made 24 years ago, 
to which Ogle and Groch now call attention, played a part in the development of 
my theory of replacement, which rejects Panum’s conception. In the light of this 
theory, published in the Arcuives in 1933, I discussed to some extent the ques- 
tions to which I now refer, but I hope to discuss them more fully in the near 
future, 


H. Vernoerr, M.D. 
403 Commonwealth Ave., Boston 
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News and Comment 


ANNUAL MEETING OF AMERICAN MEDICAL ASSOCIATION 


New York, June 3-7, 1957 


Combined Meeting of Section on Ophthalmology with 
Association for Research in Ophthalmology 


SECTION ON OPHTHALMOLOGY 


Wednesday, June 5, 1957 


Chairman’s Address: The Differential Diagnosis of Melanoma of the Uvea 
from Simulating Lesions 


A. B. Reese, New York 


Address of Invited Foreign Guest: The Differential Diagnosis of the Tapeto- 
retinal Degenerations 


Pror. J. Francois, Ghent, Belgium 

Ocular Involvement in Nevoxanthoendothelioma: Report of Two Cases 
FRANK W. Newe Chicago 
Discussion to be opened by T. E. Sanvers, St. Louis 

Pars Plana Cysts 


SAMUEL T. Apams, Montreal, Canada 
Discussion to be opened by Herpert M. Karzin, New York 


Improvement in the Hypertensive Retinopathy of One Hundred Nine 
Patients Following Combined Adrenal Resection and Sympathectomy 
C. Frayer, Philadelphia 
Discussion to be opened by Joun WENDLAND, Minneapolis 


Malignant Melanoma of Uvea: Observations on Growth and Behavior, 
Enucleation Refused or Long Delayed 
Banks ANDERSON, Durham, N. C. 
Discussion to be opened by Lorenz ZIMMERMAN, Washington, D. C. 


Studies on Continuous Electrocardiography During Ocular Surgery 
Kirscu, Miami, Fla. 
Puitie SAMeEt, Miami, Fla. 
Victor Kucer, Miami, Fla. 
Discussion to be opened by Haroip F. Ann Arbor, Mich. 


Thursday, June 6, 1957 


Executive Session 
Address of Invited Foreign Guest: Iridencleisis in Buphthalmos 


Frank W. Law, London, England 
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Evaluation of New Anticholinesterase Agents in Glaucoma 
InvinGc H. Philadelphia 
Davip Philadelphia 
Gorn, Philadelphia 
Discussion to be opened by H. Saut SucGar, Detroit 
A Surgical Approach to Total Xerophthalmia Through Transplantation of 
the Parotid Duct 
James E. Bennett, Cleveland 
L. Battey, Cleveland 
Discussion to be opened by Trycve GUNDERSEN, Boston 
New Aspects of Ophthalmoneurologic Diagnosis 


Goopwin M. Breinin, New York 
Discussion to be opened by Francis Heep Apter, Philadelphia 


Friday, June 7, 1957 
Symposium on Problems in Cataract Extraction 


Five Years Experience with the Ridley Operation 
Wakken Reese, Philadelphia 
Turcet Hamopt, Philadelphia 

Acrylic Lenses in the Anterior Chamber: Experimental Studies in Animals 
J. H. Kine Jr., Washington, D. C. 

RAYMOND SKEEHAN, Washington, D. C, 

Clinical Report on Three Cases of Postoperative Epithelial Downgrowth 
Treated by Curettage and Cautery with Seventy Per Cent Alcohol 
Joun C, Lone, Denver 
Grorce S. Tyner, Denver 

Cataract Extraction and Aqueous Outflow 
James Miter, St. Louis 
G, Keskey, St. Louis 
BERNARD Becker, St. Louis 

Tonographic and Gonioscopic Studies Before and After Cataract Extraction 
Pei-Fer Lee, Boston 
Ropert R. Trorrer, Boston 

Contact Lenses in Aphakia 
Everett L. Goar, Houston, Texas 

Comparison of the Peripheral Iridectomy vs. the Keyhole Iridectomy 
Davin S. Jounson, Detroit 
Pino, Detroit 

Conservatism in the Treatment of Congenital Cataract 
FRANK D, CostensBaper, Washington, D. C. 

Discussion to be opened by Joun DuNNinGton, New York 
Perer Kronreip, Chicago 

Joun McLean, New York 

A. Epwarp Maumenes, Baltimore 

Derrick Chicago 
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NEWS AND COMMENT 


ASSOCIATION FOR RESEARCH IN OPHTHALMOLOGY 
Tropical Room, Park Sheraton Hotel 
Monday, June 3, 1957 


THE 


Effects of Tachistoscopic Training on Visual Functions in Myopic 
Patients 


ConraD Berens, Louis J. Grrarp, Geracp Fonpa, and B, 
The Human Optic Papilla: A Demonstration of New Anatomical 
and Pathological Findings 

J. Retmmer Wovter 

Continuing Studies on the Association of Adenovirus Type 8 with 
Epidemic Keratoconjunctivitis 

L. Hanna, E. Jawerz, Y. Mirsur, P. Tuyceson, S. Kimura, and 

A. NICHOLAS 

Precipitating Antibodies to Toxoplasma: A Follow-Up Study of 
Findings in the Blood and Aqueous Humor 

G. Ricuarp O'Connor 

Intermission 

Factors Underlying the Development of the Ciliary Processes 
Avrrep J. Coutompre and Jane L, CouLoMBre 


11:00—The Effects of Maternal Hypoxia on Inheritance of Recessive 


Blindness in Mice 
AELETA NICHOLS BARBER 


Distribution of Radioactive Sulfate in the Developing Eye 
GeorceE K. SMELSER and VicroriA OZANICS 
Oxygen Studies in Retrolental Fibroplasia: VI. The Effects of 


Concentration and Duration of Exposure to Oxygen on Experimental 
Ocular Lesions 


ARNALL Patz 

The Response Pathway from Photoreceptor to Nerve Cells in the 
Limulus Lateral Eye 

Leo Liperz 

Studies of Photoreceptor Structures 

Jerome J. WoLKEN 


Electromyography of Fusional Movements 
FrepeRICcK and Maurice VAN ALLEN 
Autonomic Innervation of Extraocular Eye Muscles 
WALTER MITCHELL and GerHarpD A, BRECHER 


The Effect of Ultrasonic Radiation upon the Rate of Absorption of 
Blood from the Vitreous 

GILBERT BAUM 

Intermission 

Ocular Effects of Systemic Siderosis 
Pau A. Crets, E. Brown, and S. M. Hone 
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4:00 Cytochemical and Morphological Changes in Corneal Stromal Cells 
Following Wounding 
Vircinia L. Weimar 

4:20 Further Studies on the Viability of Frozen Corneas: As Determined 
in Tissue Culture 
Jerry W. Dranemm, Samvet D. McPuerson Jr., Vircinia J. Evans, 
and Wivron R. 

4:40 Studies of Bruch’s Membrane: I. Results of Flow Studies Through 
a Bruch’s Membrane-Choroid Preparation 

Woop Lypa, Nits Eriksen, and NARENDRA KRISHNA 


Tuesday, June 4, 1957 
1:30 A Study of the Uptake of P**, Zn, and I'*! by Experimental 
Malignant Melanoma 
James F. O’Rourke, Humpurey Parton, and Roperr BRapLey 
2:00 Anterior Chamber Perfusion Studies: II. Controlled Particle Size 
in Relationship to Pore Size 
Puitie A. Peter, Woop Lypa, and NAkENDRA KRISHNA 
2:20 A Study of the Innervation of the Chamber Angle: II. The Origin 
of Trabecular Axons Revealed by Degeneration Studies 
Monte G. Lupwic von SALLMANN, and ELEANOR M. CoLLIns 
2:40 The Effect of Succinylcholine on the Extraocular Striate Muscles 
and on the Intraocular Pressure 
J. Macri 
3:00 On the Occurrence of Proteolytic Enzymes in Normal and Cata- 
ractous Lenses 
and ANIMA Devi 


The Transcorneal Potential 
Apert M. Ports and Ropert 


Intermission 
4:00 Incorporation of S**-Inorganic Sulfate into Mucopolysaccharides of 
Cornea 

BERNARD WortTMAN and Jack L, STROMINGER 


Friedenwald Memorial Lecture 


Wednesday, June 5, 1957 

1:30 In Vivo Intralenticular Implantation of Various Dyes and Enzyme 
Inhibitors 
W. Voce. 

2:00 In Vitro Lens Studies: II. Production of Cataractous Changes 
MARGUERITE A. CONSTANT 

2:20 Studies on the Crystalline Lens: VIII. Ascorbic Acid and Mitotic 
Activity in Cultured Lenses 

V. Everett Kinsey 
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AND COMMENT 


Studies on the Sulfhydryl Groups of Lens 
Lorenzo O. Meroia and Jin H, Kinosuita 


3:00 Business Meeting 


3:20 Intermission 
3:40 Studies on Protein and Protein Synthesis of the Lens in Galactose 
Cataract 
ZACHARIAS Discue, Josuua Youtus, and GINEVRA ZELMENIS 
4:00 Insulin and the Lens 
T. Farkas and Joun W. Parrerson 
4:20 Lens Proteins 
JuLes FRANcotIs 
4:40 Lens Proteins 
Ropert A. RESNIK 


ANNUAL BANQUET, BAROQUE ROOM, BELMONT PLAZA HOTEL 
7:00 P.M. 


Thursday, June 6, 1957 


Solution of the Differential Equations Pertaining to Aqueous Humor 
Dynamics 
SAMUEL I. AskoviTz 


The Effects of Ganglionic Blocking Blood on Aqueous Flow in 
Normal and Glaucomatous Subjects 


Davin A. Rosen 


The Aqueous: Plasma Steady-State Ratios of Potassium and Sodium 
and the Influence of Diamox and Dibenamine Thereon 

Joun E. Harris, A, Evcene Cartson, Loutse Gruper, and 

GERTRUDE HoskKINSON 


2:40 Studies on the Mode of Action of Pilocarpine on Aqueous Outflow: 
Correlation of Tonographic and Gonioscopic Data with Histologic 
Studies of the Trabecular Meshwork of Monkey Eyes 
Mitton Frocks and H. Curistian ZwWenc 


3:00 Dynamics of Diamox Induced Bicarbonate Changes in Aqueous 
Humor of Rabbit Eye 

Harry Green, Mayer J. Mann, Samuet I. Askovirz, and 

IrvinGc H. Leoroip 


Intermission 


3:40 The Bicarbonate Concentration of Guinea Pig Aqueous Humor: 
Effect of Scurvy and of Acetazolamide 
BERNARD BECKER 

4:00 The Tritium Steady State of the Rabbit Eye 
FRANK W. NEWELL 


Proctor Medal Recipient 
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ANNOUNCEMENTS 


Orthoptics for Technicians.-The Basic Course in Orthoptics for Tech- 
nicians, sponsored by the American Orthoptic Council, will be held in the 
Department of Ophthalmology, University Hospitals, lowa City, from June 19 
through Aug. 10, 1957. As usual, there will be didactic lectures and practical 
demonstrations, given by an outstanding faculty. 


West Virginia Academy of Ophthalmology and Otolaryngology._The 
annual meeting of the West Virginia Academy of Ophthalmology and Otolaryngol- 
ogy will be held at the Greenbrier, White Sulphur Springs, West Virginia, May 
31 through June 1, 1957. 


Examination of Orthoptic Technicians..-The annual examination of or- 
thoptic technicians by the American Orthoptic Council will be conducted in August 
and October, 1957. The written examination will be nonassembled and will take 
place on Thursday, Aug. 22, in certain assigned cities and will be proctored by 
designated ophthalmologists. The oral and practical examinations will be on 
Saturday, Oct. 12, in Chicago, just preceding the meeting of the American 
Academy of Ophthalmology and Otolaryngology. 

Application for examination will be received by the office of the Chairman 
of Examinations, Dr. Frank D, Costenbader, 1605 22d St., N.W., Washington 
8, D. C., and must be accompanied by the examination fee of $30. Applications 
will not be accepted after July 1, 1957. 
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Books 


Histamine: Ciba Foundation Symposium, Jointly with the Physiological So- 
ciety and the British Pharmacological Society. Price, $9.00. Pp. 472, 
including index, with many illustrations, not numbered. Little, Brown 
& Company, 34 Beacon St., Boston 6, 1956. 

The Ciba Foundation symposia are well-known throughout the scientific 
world as gathering together and correlating the latest findings of inter- 
nationally known authorities on a particular subject. Ophthalmologists 
working in the research fields which come into contact with histamines 
will be interested in the appearance of this authoritative monograph, dedi- 
cated to Sir Henry Dale. 


The Office Assistant. By Portia M. Frederick and Carol Towner. Price, $4.75. 
Pp. 351, with 55 illustrations. W. B. Saunders Company, 218 W. Wash- 
ington Sq., Philadelphia 5, 1956, 

This very practical book on office practice should be helpful to the oph- 
thalmologist. The details of secretarial duties and the techniques of office 
nursing are clearly and simply described, and an intelligent girl who reads 
this book carefully should learn much which will help her become a compe- 
tent secretary, bookkeeper, technician, and public relations agent. ‘There 
are good chapters on the keeping of medical records, how to answer the 
telephone and make appointments, handling of mail, filing of records, bill- 
ing and collecting procedures, bookkeeping, banking, and advice on how to 
cope tactfully with all types of persons in the office. While much of the 
material may seem to be almost common sense, it is surprising how many 
girls new to a physician's office need to have some of these details pointed 
out to them. The authors are particularly qualified to write this book. Miss 
Frederick is an instructor in the Long Beach City College in Medical Office 
Assisting, and Miss Towner is the Executive Assistant, Department of Pub- 
lic Relations, American Medical Association. 


On Parallax and Variations in the Stereoscopic Image. by Tauno Mannila. 
Price, not given. Pp. 107. Oy Tilgmann Ab, Helsinki, 1956. 

This monograph deals with experiments in stereofluorography and 
stereofluoroscopy and is of interest to both ophthalmologists and roentgen- 
ologists. The chief interest to the ophthalmologists will be the bearing the 
subject has on ocular physiology, particularly in the field of depth percep- 
tion. 


Cryptococcosis. By M. L. Littmann, M.D., and Lorenz E. Zimmerman, M.D. 
Price, $8.50. Pp. 205, with 82 illustrations and 4 color plates. Grune & 
Stratton, Inc., 381 4th Ave., New York 16, 1956. 

This is a comprehensive atlas and text on one of the mycoses. With the 
ever-increasing importance of fungus disease, the authors have set them- 
selves the task of publishing a series of monographs on the individual sys- 
temic mycoses. This is the first of the series. It covers cryptococcosis in 
all its aspects, both in man and in animals. The book will obviously be of 
chief use to laboratory workers in this field. The human form of the disease 
will be of interest to ophthalmologists in that papilledema and retinal exu- 
dates are commonly seen in cryptococcal infection of the central nervous 
system. The illustrations are excellent, and the book will undoubtedly be the 
authoritative reference for this field. 
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Diabetes Mellitus. By Howard F. Root, M.D., and Priscilla White, M.D. 
Price, $7.00. Pp. 346. McGraw-Hill Book Company, Inc., 330 W. 42nd 
St., New York 36, 1956. 

This is the fifth volume of a series of handbooks for the general practi- 
tioner by two of the best known specialists in diabetes in the country. 
Chapter 13 deals with the treatment of eye disorders due to diabetes, but, as 
might be expected, the only advice offered is “the treatment of retinitis as 
prevention,” 


Ocular Surgery. By H. Arruga, translated from the full Spanish edition by 
Michael J. Hogan and Luis Chaparro. Second English edition. Price, 
$48.00. Pp. 948 with 1309 illustrations (123 in color). McGraw-Hill Book 
Company, Inc., 330 W. 42d St., New York 36, 1956, 

The review of the first edition of this book in the ARCHIVES OF OPHTHALMOL- 
oGy called attention to the fact that no more beautiful illustrations of surgical pro- 
cedures had ever appeared in an English text. This second edition maintains 
the high caliber of the first and in addition adds many new techniques and 
modifications of old ones which have appeared in the literature of the last few 
years. There are 1309 illustrations in the text, 123 in color. If this book were 
published merely as an atlas it would still be a real contribution to ophthalmic 
surgery. 

Doctors Hogan and Chaparro have been able to make a translation from the 
Spanish which bears no resemblance to the usual English translation of foreign 
articles, in that they have maintained an easy, readable style in good idiomatic 
English. Only too frequently, translations can be easily recognized by awkward, 
overly padded sentences which take so long to read, and which say so little. The 
exposition of surgical procedures should be concise and carefully worded, so 
that a picture of the various steps in the procedure comes to the mind of the 
— as naturally as though, he were seeing a moving picture. This text achieves 
just that, 
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Storz Instruments 
are available 
from Storz Sales- 
men only. We 
do not distribute 
under any other 
name or trade- 
mark. 


Hertel Exophthalmometer 
PRISMATIC 


E-5980 Exophthalmometer, Hertel: prismatic, facilitates inte 
accurately and rapidly without assistance the degree of exophthal- 
mos. Use of etched prisms results in a permanent instrument not 
subject to mirror deterioration found in reflecting types ... . $64.50 


Ocular Coagulator 


E-915 Cautery, Ocular, Hildreth: new model for medium ''C"’ size 
photo flash battery complete with battery and two electrodes. Suf- 
ficient heat for most ocular surgical requirements yet delicate enough 
for careful application in glaucoma and cataract surgery to over- 
come troublesome oozing. A self-contained cautery, small, compact, 
easy to handle. Eliminates troublesome cords and transformers and 
the danger of open flame. Heats instantly. Duration medium "C”" 
size photo flash battery is sufficient for normal use in several opera- 
tions. Ref. Am. semah Ophthalmology, May 1951, Page 750.$17.50 
E-922 Electrode, Ocular, Cautery: round, ie No. E-915 ... .$2.50 
E-924 Electrode, Ocular, Cautery: pointed, for No. E-915 .. .$2.50 


The 1957 Supplement to our Eye Instrument Catalogue 
has just been issued with listings of new developments. 
Sent upon request. 


4570 Audubon Avenue Saint Louis 10, Missouri 
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YOUR 


GUIDE TO 


CURRENT 


Quarterly 


PUBLICATIONS 


Cumulative 
Index Medicus 


WITH AUTHORS AND SUBJECTS... 


Divided into sections, one devoted 
to books and the other to periodical 
literature, the QUARTERLY CUM- 
ULATIVE INDEX MEDICUS con- 
tains a list of current publications 
alphabetized as to authors and sub- 
jects. The exact bibliographic refer- 
ence is given under the author with 
titles in the original language, while 
titles under subjects are all in Eng- 
lish. The index also includes a 
listing of journals, addresses and 
publishers. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a 
year; volumes are cloth bound and 
co' zr periodicals for six months as 
indicated on the publication. These 
two volumes will be a convenient 
and inclusive reference for current 
medical literature. Invaluable for 
practitioners, specialists, teachers, 
editors, writers, investigators, stu- 
dents and libraries. 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


GOOD NEWS for the 
sub-normal visioned. 


HYPEROCULAR SPECTACLE MAGNIFIERS 


I-GARD Plastic Hyperoculars, new high-powered lenticular lenses worn monocularly 
in a spectacle frame, offer your handicapped patients these 5 important advantages 
not obtainable in other types of magnifiers. 


CLEARER VISION. Aspherical curvatures, not avail- 
———, able in glass (spherical) magnifiers, epee larger magnifi- 


cation with minimum sacrifice of field and definition, See 


Merril! pr 
id spread of Av» 
times. “One o 


ed and 


mn che 


BEST GLASS 


Wolish to 
times, but 
@ direct communicats- 
usar.” Merrill proceew 
ine rapid spread of Amerie: 
“One reason 
established 


the vey centre 
4 an unde — 
» 
8x 1-GARD 
HYPEROCULAR 


comparison chart. 


CONTROLLED WORKING DISTANCE. The prob- 
lem of critical reading distance is solved by adjustable 
distancing posts against which reading matter is held. When 
not in use, the posts fold back. 


IMPROVED APPEARANCE. The apertures of the 4x, 
6x and 8x lenses are 40, 36 and 34 mm. respectively. The 
lenses can be glazed to cosmetic size. 


EXTREME LIGHT WEIGHT. The 8x lens weighs less 
than % oz, (8 grams) ! 


PRICELESS PROTECTION — due to the high resist- 


ance to impact of I-Gard plastic. 


ORDER TESTING SET NOW 


For booklet and name of 
nearest I-Gard Distributor, write 
Dept. E 
McLEOD OPTICAL CO., INC. 
357 Westminster Street 
Providence 1, R. I. 


Testing Set 


The I-Gard Hyperocular Test- 
ing Set contains (a) three 
I-Gard Hyperocular lenses 
glazed to 40 mm. trial rims to 
permit maximum field. 

(b) a specially designed 
single celled trial 

frame with adjustable 
distancing posts, (c) 

an occluding disc. 
Complete with case, 
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IMPROVED 
CORNEOSCLERAL FORCEPS 


Hubbard “Tract” forceps with sharp, 4mm. tips, malleable 
for easy adjustability to any desired curve to make tracts 
in cornea and sclera slightly larger than ordinary needles 
and sutures. No. OP-3325 (stainless) . $6.00, each. 


Saver Corneoscleral Suturing Forceps. For fine bites of 
cornea when minimum trauma but maximum security of tissue 
edges is desired. No. OP-3286 (stainless)... $16.50, each. 


Full description of forceps and procedures in 
Armamentarium Vol. ll, No. Vill. Your copy on request. 


OP-3325 


__ 


330 South Honore Street 
Chicago 12, Illinois 


DALLAS * HOUSTON ¢ LOS ANGELES ¢ ROCHESTER, MINN. 


there is no obligation. Of Service Since 1906. 


DENVER OPTIC COMPANY 


in GLASS and PLASTIC 
ARTIFICIAL EYES 


Dispensers and makers of fine eyes of plastic and glass. Eyes to fit all types of implants. 
Selections sent on memorandum from the most complete group of eyes. Careful attention 
given to all referred cases. The Doctor and his patient must be completely satisfied or 


310 University Bidg. Telephone Main 3-5638 Denver 2, Colorado 
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IMPROVED SPECULUM 


FOR CATARACT SURGERY 
By CHARLES J. PREEFER, M.D., F.A.C.S. 


This instrument has been designed primarily to 
reduce speculum pressure on the globe. 


Shafts dre malleable, and can be shaped to fit 
the skull contour. This eliminates almost all 
downward pressure of blades. End of screw 
rests on temple, steadying the speculum, and 
further reduces weight on globe. The screw 
mechanism is outside field of operation, and 
permits steady, controlled manipulation from 
minimum to maximum operative field. Spread 
of blades is wider than on most other specula, 
with a maximum opening of 50 mm. on the 
large size. 


The speculum is available in three sizes: small, 
medium, and large. 


Sold Only Through Authorized Surgical Supply Dealers 


COMPANY 425 FOURTH AVENUE, NEW YORK 16, N, Y. 


THE WASHINGTON UNIVERSITY 
SCHOOL OF MEDICINE 
DEPARTMENT OF OPHTHALMOLOGY 


announces its 


Thirty-Seventh Annual 
8-Month Course In The Basic 
Sciences Of Ophthalmology 


beginning 
September 16, 1957 


|-Week Intensive Course In 
Pathology Of The Eye 
And Adnexa 


September 30-October 5, 1957 
Both courses are limited 
A Limited Number of Scholarships are Aveilable 
For more detailed information write to: 


Department of Ophthalmology 
Washington University School of Medicine 
St. Louis 10, Missouri 


WHEN YOUR PATIENTS REQUIRE 


HOME ORTHOPTICS 


CONSIDER THE MANY ADVANTAGES OF 
ORTHOPTIC PRODUCTS 


SERVICE 


no charge to prescribers © stereosco with 

low cost to patients Wells, Keystone, 
immediate delivery Berens, Dvorine cards. 
many satisfied users © Prism Bars, Cheiroscopes. 
convenient—reliable © Many other items in stock 


ORTHOPTIC PRODUCTS 
68-09 Main St. Flushing 67, N. Y. 


Send new brochure showing how we can provide complete 
pose greene for our patients, conveniently and eco- 
nomically. 
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NEARPOINT “E” CHART 


6. 


an 


DISPENSING SERVICE 


Main Office: 
111 N. Wabash Ave., at Wash. 
Chicago, Illinois 


DVORINE 


PSEUDO- 
ISOCHROMATIC 


OFFER THESE 
EXCELLENT 
FEATURES 


© A test for color , to disti 
blind from the color meet 


© A special section for testing very young children and 
iNiterates. 


© The set contains 23 plates with eight different color 
combinations, for the identification of specific con- 
fusion colors. 


guish the color 


| *The Dvorine Color Vision Test is acceptable to’ the | 
Administrator of Civil Aeronautics as a test | 
| color vision in Civil Airmen. H 


Price of set $12.00 
Less 5%, if check accompanies order 
SCIENTIFIC PUBLISHING CO. 


Dept. A—2328 Eutaw Place 
Baltimore 17, Maryland 


New Near Chart 


GUIBOR Symbol Near Chart now available 
in durable and soilproof plastic. Gives dis- 
tance equivalents, as well as quantitative 
measurements for near vision. E Symbol 
understood by all. 


Place your order now. 


$3.25 


OPHTHALMIC 
OPTICIANS 
WHOLESALE B SERVICE 


Branch Office: 
1139 Central Ave., Wilmette, Ill. 


POSTGRADUATE COURSE 
and 


SUMMER CONVENTION OF THE 
COLORADO OPHTHALMOLOGICAL 
SOCIETY 
and the 
UNIVERSITY OF COLORADO 
MEDICAL CENTER 
Denver, Colorado 
July 22, 23, 24, 25, 1957 


SYMPOSIUM—-GLAUCOMA 
Robert Schimek, M.D., Detroit 
Robert N. Shaffer, M.D., San Francisco 
Hyman S. Sugar, M.D., Detroit 


“AIDS IN REFRACTION OF AMBLYOPIA” 
Arthur Linksz, M.D., New York 
Registration will be open to all members 


of the Society and qualified physicians on 
a limited membership basis. Tuition $50.00. 


Complete program and details will be 
mailed upon request to: 

Director of Postgraduate Medical Education 
University of Colorado School of Medicine 
4200 East Ninth Avenue 
Denver 20, Colorado 
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Top-Grade Technical Performance 


. @ Safeguard for Your Professional Skills and 
Judgment. 
{Your prescriptions, conceived from your rich fund 
of scientific knowledge laboriously developed 
through years of study, training and experience, 
are at the mercy of the dispensers who inter- 
pret them. They will be safe in the hands of 
Dow seasoned craftsmen, whose devotion to the 
exacting standards which your professional rep- 
utation demands, and which our firm has 
consistently maintained throughout its 3! years 
of existence, is a guarantee of complete patient 
satisfaction. 


DOW OPTICAL CO. 


W. DOW, Pres. 


Chicago, Ill. Bloomington, Ill. 


A.M.A. SPECIALTY JOURNALS REACH THE CORE OF SPECIALIZED - 
PRACTICE . . Subscribe NOW to: 


A.M.A. Archives of INTERNAL MEDICINE 
> A.M.A. Archives of PATHOLOGY 
> A.M.A. Archives of OPHTHALMOLOGY 


THE AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 


Howelry C by Codes 
of Beverly Hills 


Obtainable in 
Yellow or 


Se: White Gold 

$3.50 Codric's 

Key Chain... $3.50 P.O. Box 3231 
Money Clip .. $3.50 Beverly Hills, Calif. 


NO C.O.D., PLEASE Satisfaction Guaranteed 
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integrate 

your knowledge 
by reading these 
related specialty 
journals... 


wes 
PATHOLOGY 


A. M. A. 
AMERICAN JOURNAL 
OF 
DISEASES OF 
CHILDREN 


A. M. A. 
Archives 
of 
INDUSTRIAL 
HEALTH 


A. M. A. 
Archives of 
INTERNAL 
MEDICINE 


A. M. A, 
Archives of 
DERMATOLOGY 


Designed to save 


you hours of reading 
time through visual pres- 
entations . . . to provide you 
with timely tips every month .. . 
to place useful information at your 
finger tips, leaving less information 
on your reference shelf. 

Write for subscriptions to: 
AMERICAN MEDICAL ASSOCIATION 

535 North Dearborn Street 


Chicago 10, Ill. 
Dept. (PATH.) 


integrate your knowledge— 


subscribe to 


A. M. A. Archives of 
PATHOLOGY 


A. M. A. Archives of 
INTERNAL MEDICINE 


A. M. A. Archives of 
OPHTHALMOLOGY 


A. M. A. Archives of 
OTOLARYNGOLOGY 


For a more complete reference shelf, we 
recommend these related journals. The 
variety of fields covered are especially ap- 
pealing to the general practitioner with 
special interests. Each issue is important 
to your practice. Begin your subscriptions 
TODAY. 


Department (D. C.) 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. 
Chicago 10, Ill. 


Begin my subscription(s) NOW, for: 


| 


SURGICAL INSTRUMENTS CO., INC., 
520 FIFTH AVENUE, NEW YORK 36, N. Y. 


ESTABLISHED 1875 


New Model 


SKIASCOPIC RACKS 


These racks are used in retinoscopy, being held by the patient and moved up or down 


according to the doctor’s directions, Contact with the patient's face is preven by metal 
rims, 


This method of retinoscopy is more convenient and much quicker than the method of 
using trial lenses in a trial frame. 


Each of the racks, both plus and minus, contains 1, 2, 3, 4, 5 and 6 D lenses one 
inch in diameter. A supplementary slide on one side carries .25, .50 and .75 D lenses and a 
supplementary slide on the other side carries a 6 D lens. Every lens power from .25 D ‘o 
12.75 D in both plus and minus is obtainable. 


Price, for set of two, $889.50 


SCHIOTZ 
TONOMETER 


IN STAINLESS STEEL 


This instrument is made in strict accordance with 
the revised specifications adopted on March 8, 1952, 
by the Committee on Standardization of Tonometers 
of the American Academy of Ophthalmology and 
Otolaryngology, and is supplied in a dust-proof case 
which has separate recesses for the Instrument, Test 
Block, Weights, and Plunger. 

As made in our own laboratories it preserves all of 
its original effectiveness for determining ocular tension 
with a new margin of accuracy, sturdiness, ease of handling and beauty of finish that is characteristic 
of instruments made by Meyrowitz. 


It has been found satisfactory by many Ophthalmologists and meets all the specifications of the 
A. A.O.O. Tonometry Committee. 


Approved by the Electrical Testing Laboratories, it leaves nothing to be desired from the standpoint 
of accuracy. 


In case, with certification, each $55.00 
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Instruments” 
of choice 


angle 


Ease of use 


Trouble-free, 
long life 


Precise diagnosis — 


Ophtha!lmescopes 
and 
Ofoscopes 


URGENT REQUEST 


The Uveitis Laboratory, University of California 
School of Medicine, San Francisco, is interested to 
obtain freshly enucleated eyes from patients with 
all types of uveitis and other endogenous inflamma- 
tions. Attempts are being made to isolate etiologic 
agents from these eyes. 


The eyes should not be fixed in preservatives or 
frozen, but placed in a sterile bottle, packaged, and 
shipped as quickly as possible. Please send speci- 
mens air express, special delivery, collect. Enclose 
history and findings and mark the package ‘Fresh 
Tissue Specimen—Rush.” 


A report of isolations of organisms and pathologic 
findings, including a slide, will be sent to the con- 
tributor. Credit will be given in any resulting pub- 
lications if desired. 


Telegraph collect. if specimen being sent. 
Send eyes to 


Somvel Kimura, M.D., Michael J. Hogan, M.D., or 
Phillips Thygeson, M.D. 


University of California Schoo! of Medicine 


San Francisco 22 


The Berman Mets 


| Locator 


— 
An electromagnetic detecting device that quickly 
and accurately locates metalitc foreign bodies, in- 
cluding magnetic intraocular foreign bodies. Metal- 
lic fragments are readily detected from a satisfac- 
tory distance through intervening bone, tissue and 
fluids. Probing or ohysical contact with the foreign 
body is not required for detection. 
The thin sterilizable probe provides preoperative 
localization, “pin-point" accuracy within the inci- 
sion and postoperative check. 
Lends precision to foreign body surgery and 
greatly reduces surgical trauma. 


BERMAN LABORATORIES 
112-03 Reckaway Bivd. © Ozone Perk 20, N. Y. 


Please visit us at Booth G-8 A.M.A. New York 
Meeting, June 3 to 7, 1957. 
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STILL 
UNSURPASSED “oo” 
for QUALITY... CONVENIENCE... ECONOMY 


OPHTHALMOS EXCLUSIVE 


$3 


U.S. Pat, Off. 2,707,469 


Single dose disposable 
dropper unit in these im- 
portant solutions: 


Sealed until needed 


. Sterile at the moment of use 


Atropine Sulfate (1%, 3%) '/, 
© Homatropine HBr, (2%) cc. 
Snip with the scissors to Scopolamine HBr, (0.2%) cc. 
be cut the sealed tip . . . the bee © Pilocarpine (1%; 2%) %y cc. 

steridroppa is still sterile, © Phenylephrine HCI. (10%) '/, 
ready for instant use. © Tetracaine HCI. ('/,%) cc. 

In packages 

WS, or hospital 

size packages. 


The size and weight of the Mishandling and contamination 
steridroppa provides ease of delicate eye medications 

in handling and full control is now eliminated with 
steridroppa. Each single dose 
of ophthalmic drug is sterile, 
properly buffered and 

give you quick, permanent preserved ... packed in 
identification. autoclaved glass and 
rubber. 


of instillation. Vari-colored 
insoluble ceramic imprints 


FOR LITERATURE AND PRICE LIST, WRITE TO 


PHTHALMOS, Inc. 
Union City, New Jersey 
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A foremost specialist says: 


“This tells me 
what the strabismic 


“Now I can tell, right at the 
start, whether there’s a good 
chance to handle the case success- 
fully by orthoptics. 


“IT begin by finding immediately 
the stage at which the strabismic is 
operating visually. 


“The strabismic hasn’t had a fair 
chance in the past— he has been 
diagnosed on equipment limited to 
a 20° field. 


“But many strabismics who lack 
macular fusion will show third de- 
gree fusion at 30° to 40° or beyond 
— nearly all strabismics with nor- 
mal correspondence have third de- 
gree fusion. With Keystone Color- 
depth Equipment I can probe for 
fusion as far as 60° peripherally.” 


The Diagnostic Unit may be 
bought separately if desired. The 
complete Training Unit also con- 
tains the Diagnostic Techniques, so 
you should examine both. 

KEYSTONE VIEW CO., MEADVILLE, PA. 


( ) Please send new Bulletin showing 
’ how Strabismus is diagnosed and 
treated with Keystone Colordepth 
Techniques. 

H ( ) Write or phone me to arrange for 
} demonstration in my office. 

‘ 


(Name) 


(Address) 


NEW YORK UNIVERSITY 
POST-GRADUATE MEDICAL SCHOOL 


offers the following postgraduate 
courses for specialists in ophthalmology 


OCULAR EXPRESSIONS OF SysTEMIC DISEASE 


A part-time course from September 16 
through 20, given under the direction of 
Dr, Isadore Givner. 

HIstOPATHOLOGY 
A part-time course from September 16 
through 20, given under the direction 
of Dr. A. Marvin Gillman. 


| SURGERY OF THE EYE 


A full-time course from October 28 
through November 2, given under the 
direction of Dr. Rudolf Aebli. 


| OPHTHAL MOSCOPY 


A part-time course from November 4 
through 8, given under the direction of 
Dr. George N. Wise. 
SURGERY OF THE NEA 
A full-time course from December 2 
through 6, given under the direction of 
Dr. Ramon Castroviejo. 
For further information concerning these 
and other courses offered by the Depart- 
ment of Ophthalmology during each aca- 
demic year—write: 
Office of the Associate Dean 
NYU Post-Graduate Medical School 
550 First Avenue ° New York 16, New York 


Combine your own clinical 
experience with the 
knowledge of experts... 


by reading 


A.M.A. Archives of 
DERMATOLOGY 


A.M.A. Archives of 
PATHOLOGY 


° A.M.A. Archives of 
INDUSTRIAL HEALTH 


Write To: 
Subscription Department 


American Medical Association 
535 N. Dearborn Street 
Chicago 10, Ill. 
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excellent prosthetic results 
demonstrated over the years with 


THE WN suried muscie cone 
IMPLANT’ 


® the tunneled hemispherical implant made of clear methyl methacrylate or Kel-F plastic 


The ALLEN IMPLANT, covered 
completely by Tenon’s capsule and conjuctival 
tissue, is designed to transmit quick and 
adequate movement to the prosthetic eye, 

as well as maintain normal lid contours to the 
greatest possible extent. 


The prosthesis used with the ALLEN IMPLANT 
generally has a flat back which fits against 

the flat posterior surface of the socket formed by 
the flat anterior surface of the implant. Movement 
of the implant is thus transmitted to the prosthesis. 


*Patent No. 2,653,327 


Diagram showing posi- 
tion of the prosthetic eye 
in relation to implant, 
socket and caruncle. 


Phantom diagram show- 
ing vertical and hori- 
zontal rectus muscles 
sutured in position. 


Write for illustrated folder describing 
surgical procedure using ALLEN IMPLANTS. 


Order from your optical supply house or from — 


529 SOUTH 7TH STREET . MINNEAPOLIS 15, MINNESOTA 
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SPH ERCON LENS 


TRADEMARK 


In the past four or five years tremendous strides have been made 
in the field of contact lenses. 

The use of SPHERCON LENSES for monocular aphakie cases 
alone would justify the study and fitting of contact lenses, not to 
mention the need of binocular aphakic cases. 

To employ contact lenses as a diagnostic instrument is an aid. 
Keratoconus and irregular cornea cases can be often helped by the 
proper utilization of contact lenses. 

Other uses of fitting contact lenses include: cases of distorted 
and discolored eyes (with cosmetic contact lenses); special activi- 
ties, such as sports, in which normal spectacle lenses would be a 
handicap and dangerous; various subnormal vision cases . . . 
contact lenses can be used as the objective in the optical combina- 
tion to create magnification. 

The use of contact lenses for cosmetic purposes cannot be over- 
looked. There are many other applications for fitting contact lenses. 


Special Mounting 
Of Goldmann Slit Lamp 
Saves Space and Time 


Now the famous Goldmann Slit Lamp becomes 
even more convenient with Parsons’ spring-balanced 
heavy duty mounting. This mounting swings the 
slit lamp before the patient instantly, without 
wheeling or turning knobs to adjust height. Other 
units, such as a refractor may be mounted on the 
same base and swung into position as the slit 
lamp is turned away. The Goldmann Slit Lamp 
is known for its outstanding design and performance. 
Write for prices of the Goldmann Slit Lamp, acces- 


sories, and Parsons’ swing mounting units. 


Write: Dept. 6, 518 Powell St. 
San Francisco, California 


JESSEN 
‘ 
literature and 
“the fitting of 
of the various 
part of every 
| The Lime 
The PLASTIC CONTACT LENS C npany 
69 EAST MADISON STREET + CHICAGO 3, LLINOIS 
a Instruments of ophthalmology: The Goldmann Slit Lamp 
Parsons 
LABORA R\ EF 


Ask your Sales Representative to show you 


these EXCLUSIVE FEATURES! 


@ Ful-Vue Vergence 

@ Dialamatic Sphere System 

@ Uitramatic Cylinder System 

@ Tri-loupe Turret 

@ True Additive Effective Power 

@ Nearpoint Rotochart 

@ Colors to Match or Complement Office Decor 


MASTER 


PHOROPTOR 


American Optical 


Company 


INSTRUMENT DIVISION BUFFALO 1S NEW YORK 
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The test of time proves that the 
“LACRILENS”® contact lens can be worn 
for long periods of time in aphakia and in all 
sports, including swimming. Write For Brochure 


. * 49 East 51st Street, New York 22, N. 


Manufacturers of all types of Contact Lenses 


Branches in 
PHILADELPHIA +» MONTREAL « JOHANNESBURG 


It's not the microscope or 

even the sphygmomanometer, 
but the trained clinical judgment 
of your physician. 


“THE FINEST 
DIAGNOSTIC INSTRUMENT” 


by Paul Williamson, M.D. 


This four page reprint from TODAY'S HEALTH will be helpful and 
valuable literature for your office reception room. 


ORDER BLANK Order Department 
American Medical Association 
Enclosed is $..._.___(no stamps) for. 535 N. Dearborn Street 
copies of “The Finest Diagnostic Instrument” Chicago 10, Illinois 


Please send pamphlets to: 

PRICES (please print) 
Single copy 
10 copies 


25 copies 
50 copies 
100 copies 


250 copies 
500 copies 


Remittance should be enclosed for orders of less than $5.00. 


a 
2.00 
7.00 


For the doctor who must 
do his own dispensing... 


Master Styling Room Ensemble 


OPHTHALMIC EQUIPMENT AND FURNITURE 


@ Today’s eye doctor must satisfy the growing demand of his patients for 
fashion, style and service. And at the same time, in the interest of more 
successful operation, he must increase his own efficiency. 


After several years of research and study under actual operating conditions, 
PROFESSIONAL SUITE presents this matched line of equipment and furniture — 
specifically designed and engineered for the modern styling and dispensing 
rooms of modern doctors . . . sold in matched ensembles for large, medium 
and smaller offices. Individual pieces may also be purchased. 


For further information on color, wood selection and 
price, discuss PROFESSIONAL SUITE with your 
supplier or send for this illustrated catalog. 


Professional Suite, P.O. Box 66, Minneapolis, Minn. 


I'd like to take a look at your PRorEssIONAL Suite catalog (no 
obligation, of course). Dept. No. A-57 


NAME 


P.0. BOX 65 
MINNEAPOLIS, MINN. City. ZONE 


See you at the Optical Fair! Chicago, June 7-10, Palmer House 
We'll be at BOOTH 13-C 
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For a quick, easy and acurate VISUAL FIELD testing 


OF DOCTEUR ETI 


> 


@ BOWL made of transparent plastic. White screen painted 


on the inside ; meridians and parallels engraved on the outside. 
Iiumination uniform and ajustable. 


& Ever-clear TEST OBJECT projected from the outside, the 
position of which is easy to mark. 


@ During the testing, the limits of the visual field are designed 
straight on the bowl. After examination, they are recorded on 
special tracing paper CHARTS. Scotomas can be recorded apart, 
directly traced on the bowl, with the accuracy of a CAMPIMETER. 


GAMBS 


LYON 


a ; 137 NORTH WABASH ¢ CHICAGO 2, ILLINOIS 
FRANCE 


| ENNE 


when the eyes have it 


There are five dosage forms of Neo-Synephrine 


hydrochloride especially formulated 
for vasoconstriction and mydriasis 


in ophthalmologic conditions. 


CONJUNCTIVITIS 
solution. 


For rapid relief of congestion, 
itching, smarting and lacrimation. 


REFRACTION, OPHTHALMOSCOPY 
2.5% solution. 

For prompt and short acting 
mydriasis virtually free from 
cycloplegia. 


UVEITIS, POSTERIOR SYNECHIAE 


10% solution (plain or viscous) N e 0 S e h rl e 
or 10% emulsion. 
For freeing recently formed pos- . 
terior synechiae as well as for Hydrochloride 


prevention of synechiae forma- 


tion in uveitis (with atropine). Wide A pplication in 
10% solution lino viscous), OPHTHALMOLOGY 


10% emulsion, or 2.5% solution. 
For temporary reduction of in- 
tra-ocular tension and for the 
provocative test for angle block. 


SURGERY 
2.5% solution or 10% solution 


(plain or viscous). ( ‘ 
For short acting powerful myd- LABORATORIES 
riatic effect, applied 30 to 60 


minutes preoperatively. NEW YORK 16, N.Y, 


Neo-Synephrine (brand of phenylephwine), trademark reg. U. S. Pat. Off. 
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Sere is 
no such thing as 
“al 


individual needs 
determine 


lens forms... 


Curved-top bifocal, 20 and 22mm 
segments, for the refractionist who 
prefers curved-tops, or where pa- 
tient preference or habit patterns 
indicate this type of segment. 


Straight-top bifocal with 20, 22, 25 and 28mm segment widths. in 20 and 
22mm segments, Vision-Ease D is a standard for the majority of normal 
presbyopic cases. The larger-fieild 25 and 28mm segments, however, are 
especially useful where greater reading area or near field is desirable 
or necessary. All segment sizes are on a full 58mm-round biank. 


7mm Trifocal 
6mm Trifocal 


Straight-top trifocal, 22 and 28mm 
segments. Most neerly ideal inter- 
mediate for normal usage. Where 


Straight-top trifocal, 23, 25 and 28mm segment widths. Many professional 
men prefer 7mm intermediates for the slightiy deeper intermediate field pro- 
vided. All Vision-Ease trifocais, 6, 7 or 8mm, feature 50% intermediates; other 


larger reading field is desired or in- 
dicated, specify 28mm segments. 


Smm Trifocal 


Straight-top trifocal, 22 and 286mm 
segments. For cases where a wider 
intermediate is indicated, as large 
pupils. For desired larger near field, 
specify 28mm, 


Also available... famed Catarex 
Tt nd Cat o 


porary 
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Lightweight, cosmetically 
attractive... versatile! 


Most Vision-Ease multifocals are 
available in White, Tints 1 and 
2, Green 1, 2 and 3. Be sure 

to ask your laboratory about the 
famed Vision-Ease Special 
Order Service! 


powers available—usually four to five days delivery to your laboratory through 


the famed Vision-Ease Special Order Service. 


Ribbon-style bifocals, 9 x 22 or 
14 x 22mm segments. Useful where 
distance vision below segment is de- 
sired or indicated. Optical centers 
can be placed as ordered. 


For satisfaction...’ 


Double-segment bifocals in many 
Styles but usually ordered as bifocal- 
over-bifocal or bifocal-over trifocal. 
For many specialized occupations and 
varied uses. 


Manufacturers of a complete line of quality multifocals 
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LENTICULAR 
CATARACT 
LENSES 


thinner, lighter, 
more attractive 
cosmetically! 


Titmus fused lenticular cataract single 
vision and multifocal lenses combine 
excellent cosmetic appearance, 
highly efficient optical performance 
and traditional Titmus lens quality. The 
distance portion features a large 
34 mm barium overlay. Barium segments 
are 22 mm. Trifocals have a 7 mm 
intermediate with distance optical center 
set | mm below the top line. Made 
in White and Velvet-Lite A. 

STRAIGHT TOP 


BIFOCAL 


TITMUS OPTICAL COMPANY, INC. 
Petersburg, Virginia, 

Manufacturers of Opthalmic Lenses, 
Frames and Sun Glasses. 


7x 22 
TRIFOCAL 
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SPRING BEA Git The SATINTONE frame with full jewelled tr 


It is fresh, sparkling and ready to go places and enjoy going. (ZA 
A 1/10 12K gold filled fashion, it has that good taste look. onlinerta 


INDIANAPOL 


ay 


